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Backsround 
Asthma is a chronic airway inflammatory disorder, and is caused by a complex 
interaction between multiple genes and environmental stimuli. Growing interest was 
focused on the association between current nitrogen dioxide (NO2), house dust mite 
and endotoxin exposure in indoor environment and respiratory symptoms in 
asthmatics. On the other hand, single nucleotide polymorphisms (SNPs) of endotoxin 
receptor {CD 14), have been reported to be associated with atopy and plasma IgE 
level. 
Methodolosv 
In the indoor environmental study, 115 asthmatic children were recruited. 
Exhaled NO level and spirometry were measured in the clinic. During the home visit, 
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NOi concentrations of kitchen and bedroom at room temperature were measured. 
House dust samples were obtained from the patients' mattresses, living rooms and 
bedrooms for quantifying endotoxin and Der p 1 levels. The International Study of 
Asthma and Allergies in Childhood questionnaire was used to gather the health and 
environmental information. 
In the candidate gene association study, 296 asthmatics subjects and 179 controls 
were enrolled. SNPs at positions -159, -1359 and -1619 in CD 14 promoter were 
genotyped by restriction fragment length polymorphism and allele-specific 
polymerase chain reaction. Haplotypes of the SNPs were determined by 
Expectation-Maximisation algorithm. The associations of the SNPs and haplotypes 
with asthma phenotypes was analysed by multivariate regression. 
Results 
The median (interquartile range [IQR]) Der p 1 levels in mattress, bedroom and 
living room were 0.61 [0.24 — 2.46] |ig/g, 0.39 [0.25 - 0.91] |ig/g and 0.31 [0.25 — 
0.91] |ig/g, respectively. The mean (standard deviation [SD]) NO2 concentration in 
kitchen was 27.1 (10.4) ppb, while NO2 level in bedroom was 19.8 (8.2) ppb. 
Endotoxin levels were expressed as concentration (EU/mg) and load (EU/m^). 
Endotoxin concentrations (in median [IQR]) in mattress, bedroom and living room 
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were 12.4 [6.4-19.5] EU/mg, 24.2 [12.4-42.8] EU/mg and 22.2 [14.8-36.9] EU/mg. 
Interestingly, endotoxin load (in median [IQR]) in mattress, bedroom and living 
room were 497 [281-916] EUW, 573 [259-1344] E U W and 248 [170-606] EUW, 
respectively. 
Use of vacuum cleaner and the age of floor were major determinants of 
endotoxin in both bedroom and living room. In contrast, mattress endotoxin was 
associated with the use of feather quilt and bedroom temperature. Mattress Der p 1 
level was associated with the use of foam pillow, but not humidity and temperature. 
Indoor NO2 level was not related to the size of apartment and the presence of smoker 
in home. 
Household Der p 1 level increased with the number of night awakeness per week 
and acute wheezing attack in the past 12 months in our patients. Der p 1 
concentration in living room was positively associated with exhaled NO level in 
multivariate regression model. In contrast, higher mattress endotoxin load was 
associated with lower peak expiratory flow rate in asthmatic children. 
For the analysis of CD 14 SNPs, G-1359T was associated with atopy under 
co-dominant model. CD 14 C-159T was associated with plasma total IgE level in 
atopic children under recessive model. Nevertheless, CD 14 A-1619G was not 
associated with atopy, plasma total or specific IgE. Analysis of the three-locus 
iv 
haplotypes showed no significant relationship with asthma diagnosis, atopy and 
allergen sensitization. 
Conclusion 
The results demonstrated that endotoxin and Der p 1, but not NO2, were 
important indoor factors affecting clinical symptoms, airway inflammation and peak 
expiratory flow in asthmatic children. On the other hand, the case-control genetic 
study found that CD 14 G-1359T and C-159T were associated with atopy and plasma 
total IgE concentration in Chinese children, respectively. None of the three SNPs was 
















參與是項硏究°我們運用限制性片段長度多態性(restriction fragment length 
polymorphism)和等位基因特異性聚合酶鏈反應(allele-specific polymerase chain 
reaction)的技術對CD14啓動子單核苷酸多態性的-159位點�-1359位點和-1619 





床舖、睡房和客廳Der P 1濃度的中位數[四分位差]分別爲0.61 [ 0.24 - 2.46] 
| ig/g�0.39 [0.25 - 0.91] ^ ig/g 和 0.31 [0.25 - 0.91] ^ g/g ° 嵐房和睡房二氧化氮的 
平均濃度(標準差)分別是27.1 (10.4) ppb和19.8 (8.2) ppb�內毒素水平則以濃度 
(EU/mg)和載量(EU/m2)表示。床舖、睡房及客廳內毒素濃度(中位數[四分位差]) 
分別是 12.4 [6.4-19.5] EU/mg�24.2 [12.4-42.8] EU/mg 和 111 [14.8-36.9] 
EU/mg。不過，床舖、睡房及客廳內毒素載量(中位數[四分位差])爲497 [281-916] 
EU/m^�573 [259-1344] EU/m:及 248 [170-606] E U / m � � 
睡房和客廳內毒素水平主要取決於有否使用吸塵清潔和地板的新舊。相反， 
床舖內毒素水平則與使用羽毛被褥及睡房溫度有關。床舖Der P 1的濃度與使用 
乳膠枕相關，而溫度和濕度卻不是取決的主要因素。室內二氧化氮濃度與公寓 
之大小和家中吸煙人仕無關。 
當病童室內Der P 1水平增加時，其過去12個月哮喘急性發作之次數和每週 
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Section I: Introduction 
Chapter 1： General Overview of Asthma 
1.1 Asthma definition and its phenotypes 
Asthma is a common inflammatory disorder of airways in childhood. It is 
classically characterized by airway hyperresponsiveness (AHR) and reversible 
bronchial obstruction. However, increasing evidence suggests asthma is a 
heterogeneous disease rather than a single entity (Wenzel SE 2006, Gibson PG et al. 
2001). In fact, asthma encompasses a wide spectrum of clinical presentations, 
pathophysiologies, immunopathologies and multi-cellular abnormalities. In modem 
concept, asthma should represent a complex of multi-dimensional phenotypes that 
have distinct features, but share some overlapping domains (Wardlaw AJ et al. 2005). 
A number of categories are used for defining asthma phenotypes. Atopic and 
non-atopic asthma are the most commonly used. Another approach to define asthma 
phenotypes is based on the clinical features such as disease severity (Stirling RG et al. 
2001). However, a number of pathophysiological pathways may contribute to the 
increase in asthma severity. It is controversial whether severe asthma is resulting 
from alternative mechanisms that are distinct from mild-to-moderate asthma 
(Holgate ST at al. 2006). Hence, such classification may cause the dissociation 
between disease phenotypes and underlying mechanisms. As our knowledge 
2 . 
regarding asthma immunopathology improves, it would be more valuable and 
relevant to categorize asthma phenotypes by the inflammatory patterns (Wenzel SE 
2006). Inflammatory subtypes in asthma can be identified non-invasively by induced 
sputum or invasively by bronchial biopsy (Lemiere C et al. 2006). Eosinophilic and 
non-eosinophilic (or neutrophilic) phenotypes have been reported (Gibson PG et al. 
2001, Tsoumakidou M et al. 2006), while other phenotypes like paucigranulocytice 
as well as mixed granulocytic patterns have also been described (Simpson JL et al. 
2006, Wenzel SE 2006). However, standardized criteria should be established on how 
to define the inflammatory subtypes before we can confidently characterize the 
heterogeneity of airway inflammation in asthma. Identification of asthma phenotypes 
may be important in assessing the response to therapy. It has been shown that a 
subgroup of mild-to-moderate asthma patients with predominantly neutrophilic 
inflammation has smaller improvement in visual analogue symptom score, forced 
expiratory flow in 1 second (FEVi) and methacholine airway responsiveness (PC20) 
in response to inhaled corticosteroid treatment (Green RH et al. 2002). 
Despite the lack of a universally agreed system to define phenotypes, sufficient 
evidences support the phenotypic complexity. It is fascinating to understand how the 
phenotypes are affected and modified. Genetic predisposition and environmental 
‘ factors are the main factors to account for the heterogeneity of asthma phenotypes. 
3 . 
1.2 Asthma epidemiology in past three decades 
It is believed that there is a worldwide increase in the prevalence rates of asthma 
and related allergic diseases since 1980s. Asthma prevalence is found to be 
particularly high among developed countries with a typical Western lifestyles. In the 
United States, it was reported that the estimated prevalence of childhood asthma 
increased from 3.1% in 1981 to 4.3% in 1988 (Weitzman M et al. 1992). In a study 
of Australian schoolchildren in 1990，the prevalence rates of parent-reported history 
of wheeze or asthma were high among those aged 7，12 and 15 years (46%, 39.7% 
and 40.3%, respectively). When comparing the prevalence of wheezing symptom 
(19.1%) among the 7-year-old children from 1964 survey, there was a dramatic 
increase in this symptom of 141% over this 26-year period (Robertson CF et al. 
1991). Despite this increase in asthma prevalence and morbidity from early studies, 
the global asthma prevalence and time trend remained unclear because of the lack of 
standardized instruments and objective measurements for asthma. 
In response to the rising concern of asthma and allergic disorders, the 
International Study of Asthma and Allergies in Childhood (ISAAC) was developed to 
determine the global epidemiology, disease severity, aetiological factors as well as 
time trend in asthma and allergies using standardized video and written questionnaire 
� (Asher MI et al. 1995). The Phase One study (completed within 1994 - 1995) found a 
4 . 
wide variation in asthma prevalence among distinct centers throughout the world 
(ISAAC Steering Committee. 1998). From the results of written questionnaire, there 
was a 20-fold difference between centers with the highest prevalence and those with 
the lowest prevalence (range 1.6% - 36.8%), and with an 8-fold variation between 
the lOth and percentiles (3.9% - 30.6%). Countries which ranked at the top were 
the United Kingdom, New Zealand, Australia and Republic of Ireland, whereas 
countries in the Asia-Pacific (e.g. mainland China, Taiwan and India) and Eastern 
Europe were at the bottom of the list. Interestingly, there was a marked disparity in 
the asthma prevalence between Hong Kong and mainland China. In schoolchildren 
aged 13-14 years, the prevalence rates for current wheeze and severe asthma attack 
in the past year in Hong Kong as reported by video questionnaire were 10.1% and 
6.9%, respectively (Leung R et al. 1997)，while the corresponding data for mainland 
China were only 2.0% and 1.2%. In another ISAAC study that compared asthma 
prevalence in primary schoolchildren aged 9-11 years in Hong Kong, Beijing and 
Guangzhou (situated 200 km in the north of Hong Kong), current wheeze, 
exercise-induced wheeze, as well as speech limiting wheeze in Hong Kong children 
were significantly higher than those for the other two cites (Wong GW et al. 2001). 
Phase Three study (mostly within 2002 - 2003) investigated the time trends of the 
. prevalence of asthma and allergies. It showed that asthma prevalence continued to 
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increase in some but not all countries in the world (Asher MI et al. 2006). In 
schoolchildren aged 6-7 years old, the prevalence of asthma symptoms had changed 
in 59% of the centers (i.e. increase in 25 centers and decrease in 14 centers). In the 
older age group (13-14 year old), 77% of centers had recorded a change in 
prevalence of asthma symptoms, with increase in 42 centers and reduction in 40 
centers. Besides, there was an interesting pattern for the change in asthma and allergy 
prevalence. More centers with lower wheezing prevalence at baseline showed an 
increasing trend in prevalence. In constrast, centers where wheezing prevalence had 
been high showed a plateau or even reduction in asthma and allergy prevalence 
(Asher MI et al. 2006). 
Local data on the time trend of asthma prevalence in Hong Kong children 
showed a decreasing trend in the prevalence of asthma symptoms (Wong GW et al. 
2004). The prevalence of wheeze in the past year as identified by ISAAC written 
questionnaire significantly decreased from 12.4% in 1994 to 8.7% in 2002. Declining 
trends were also seen in current exercise-induced wheeze and wheeze attack in past 
year. Similar outcomes were observed when subjects were assessed using ISAAC 
video questionnaire, when wheeze at rest, wheeze after exercise and night awakening 
with wheeze significantly decreased from their respective figures of 10.1%, 15.3% 
, and 3.8% in 1994 to 6.2%, 6.4% and 1.7% in 2002. The reduction of wheeze might 
6 . 
reflect the improved public awareness and increased usage of controller therapies 
with better asthma care over the past decade. In contrast, Lee and colleagues revealed 
that no significant change in the prevalence of current wheezing symptoms among 
younger primary schoolchildren by written ISAAC questionnaire in 2001, when 
compared with published data in 1995 (Lee SL et al. 2004). However, significant rise 
in night awakening with wheeze (4% in 2001 versus 2.9% in 1995) and nocturnal 
cough in past year (26% in 2001 versus 22.1% in 1995) we're observed, indicating 
these children had more severe asthma symptoms. Despite the minor differences in 
the results of these two studies, there is no evidence of increasing asthma prevalence 
in Hong Kong over the past decade. 
Although epidemiological data suggests a wide variation in asthma prevalence in 
different parts of the world, the prevalence of asthma and allergy is in general 
increasing in Asia-Pacific regions and remains high in Western countries. This rapid 
increase in asthma prevalence is unlikely to be caused by alternation of genetic 
factors because such change would require a much longer period of time. 
Environmental factors have been proposed to account for these changes in asthma 
prevalence. With similar genetic background, the differences in the prevalence of 
asthma between Hong Kong and mainland China support the importance of 
� environmental exposure in affecting asthma onset (Wong GW et al. 2001). 
7 . 
1.3 Hygiene hypothesis and asthma development 
Owing to the increasing awareness of the high prevalence of asthma and related 
allergic disorders in Western countries, Strachan first described the hygiene 
hypothesis in 1989 in an attempt to explain the complex relationship between asthma 
onset and environmental influences (Strachan DP 1989). Under the classical concept, 
subjects with predisposed genotypes develop asthma when they encounter specific 
environmental triggers or stimuli. However, the hygiene hypothesis postulates that 
infections and exposure to certain environmental factors, especially during the early 
childhood, may protect one from developing asthma and allergies. This hypothesis is 
continuously being updated and refined, but it points out two important directions in 
asthma and allergy researches: 1) Emphasize the dual immunomodulating effects by 
the environmental factors, either protective or harmful and 2) State the importance of 
the timing towards specific environmental exposure in asthma development. 
How can environmental factors protect against the onset of asthma and allergy? 
One possible immunological mechanism underlying the hygiene hypothesis is the 
polarization effect of the T-helper cells response. T-helper cells comprise two subsets, 
type 1 (Thl) and type 2 (Th2), and these subsets have distinct profiles of cytokine 
production. Major cytokines secreted from Thl cells are interleukin-2 (IL-2) and 
� interferon gamma (IFN-y), while Th2 cells secrete IL-4, IL-5 and IL-13. The 
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differentiation of the Thl and Th2 is reciprocally regulated by their cytokines, IFN-y 
and IL-4 (Parronchi P et al. 1992). IFN-y produced during infections inhibits the Th2 
proliferation (Gajewski TF et al. 1989)，while IL-4 and IL-13 are critical signals for 
antibody class-switching from IgM to IgE, as well as for promoting Th2 cell 
proliferation (Geha RS et al. 2003). In early infancy, the immune response is skewed 
towards allergy-promoting Th2 pathway (Prescott S et al. 1998). It had been 
suggested that the variation of antigen-presenting cell (APC) function in neonatal 
period may influence the T-cell response to allergens. Impaired production of 
important Thl maturation signal IL-12 from APC in perinatal period might lead to 
stronger neonatal Th2 response to allergens (Prescott SL et al. 2003). Lower IL-4 and 
IL-5 in newborns were associated with atopy development in first 3 years of life 
(Piccinni MR et al. 1996). Hygiene hypothesis speculates that infection and 
environmental stimulants during early life may shift the Th2 dominant response to 
the "protective" Thl response, thus preventing the development of asthma and 
allergic diseases. 
R ecent studies documented that the number of sibling and attendance of child 
day care centers may be related to the development of asthma and atopy (Ball TM et 
al. 2000, Kramer U et al. 1999). It was demonstrated that children with more siblings 
. at home or attendance in day care centers during the first 6 months of life had 
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significantly more wheezing symptoms at 2 years old [adjusted RR, 1.4; 95%CI 
1.1-1.8; P=0.01]. On the other hand, these children had less wheezing during 
adolescence when compared with children without such exposures (Ball TM et al. 
2000). Besides, the presence of one or more siblings [adjusted RR for each additional 
older sibling, 0.8; 95% CI 0.7 - 1.0; P=0.04] and entry of day care center [adjusted 
RR, 0.4; 95% CI 0.2 - 1.0; P=0.04] protected against asthma development in later life. 
Kramer reported that children aged 5-14 years from small families who attended day 
nursery in the first year of life had significantly lower skin prick test positivity than 
children who entered day nursery at an older age (Kramer U. et al. 1999). This 
finding might imply that infections, or unsanitary contact with other children during 
infancy, cause transient wheeze but this influence disappears in later life. 
Despite these observations, it is still contentious how infection relates with the 
onset of atopy and asthma. It is increasingly recognized that only some infections 
exert protective effects. For instance, exposure to hepatitis A, Toxoplasma gondii and 
Helicobacter pylori reduced allergen sensitization and were inversely related to 
allergic asthma in a dose-dependent manner (Matricardi PM et al. 1997，2000). This 
observation suggested that protective effect was elicited by multiple food-bome and 
orofecal organisms. On the contrary, hepatitis A and Helicobacter pylori were not 
. associated with wheeze and allergen sensitization in the British population (Jarvis D 
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et al. 2004). Apart from gastrointestinal infections, respiratory infections are also 
widely investigated. Rhinovirus and respiratory syncytial virus are the two main 
triggers of wheezing respiratory infections in infancy, but it remains unclear whether 
these infections protect or promote asthma (Schaub B et al. 2006). Tuberculosis is 
another organism of interest, owing to its ability to induce Thl response by 
increasing IFN-y production in vivo (Herz U et al. 1998). Shirakawa and colleagues 
revealed that asthmatic symptoms in tuberculin-positive responders were one-half to 
one-third as in tuberculin-negative responders (Shirakawa T et al. 1997). 
In addition, immunomodulating effects of non-viable microbial products (e.g. 
endotoxin and muramic acid) and prenatal exposure to infection pertain the 
hypothesis. However, most studies supporting this theory provided indirect evidence 
but cannot prove a causal relationship between the two. In a recent double-blind, 
randomized, placebo-controlled clinical trial, the administration of probiotic 
Lactobacillus GG to high risk infants reduced the incidence of atopic eczema at 2 
years old when compared to the placebo group [probiotic group: 23% versus placebo: 
46% ] (Kalliomaki M et al. 2001). This study provided further support for the 
importance of early immuomodulation and the subsequent development of atopic 
disorders. 
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1.4 Asthma pathogenesis and innate immunity 
Asthma is a common, heterogeneous respiratory disease which usually starts in 
early life in most patients. The classical features of asthma include airway 
inflammation, AHR, and airway narrowing which manifests as chest tightness, 
coughing, recurrent episodes of wheezing and paroxysms of dyspnoea. 
Asthma is multi-factorial in nature. Generally, asthma results from the deviation 
of immunological responses to innocuous environmental antigens in genetically 
predisposed individuals. In childhood, asthma is mostly an IgE-mediated 
hypersensitivity reaction that involves a number of immune cells and dys-regulated 
secretions of a variety of cytokines and inflammatory mediators (Figure 1.4.1). 
Fig. 1.4.1. The immunological pathways of the different cytokines action and interaction among 
immune cells in asthma 
12 . 
This model elaborates on allergen sensitization and the effector phase of asthma 
in which Th2 lymphocytes play a crucial role. Th2 cells recognize processed 
allergens on the surface of APCs and produce IL-4 and IL-13 to activate B cells for 
IgE synthesis. IgE then cross-links with receptors on circulating mast cells to cause 
their degranulation and release of histamine, leukotrienes and prostaglandins. These 
inflammatory mediators in turn cause acute bronchospasm. Furthermore, cytokines 
from Th2 lymphocytes can act on the airway smooth muscle cells, epithelial cells and 
eosinophils, which lead to the release of growth factors and inflammatory mediators 
(e.g. eosinophil major basic protein). These events cause direct effects on AHR and 
airway remodeling and inflammation in persistent asthma (Larche M et al. 2003). 
Our present understanding on how the acquired immunity triggers chronic 
inflammation in asthma is relatively well-characterized. Nevertheless, this does not 
provide a precise mechanistic explanation for the selective Th2 cell activation. 
There are increasing number of studies supporting an association between 
innate immunity and asthma manifestation. Innate immunity is the first-line defense 
of the host. Recent studies suggest that signals from innate immunity guide the 
direction of acquired immune responses. For example, the roles of toll-like receptor 
(TLR) and endotoxin receptor {CD 14) signaling in aberrant adaptive immunity in 
� asthma are widely investigated. 
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Mammalian TLRs are derived from the Drosophila Toll protein, which is 
important for regulating the dorsoventral development during the embryonic period 
of the fly larvae (Stein D et al. 1991). TLRs are pattern recognition receptors (s), 
which encode a large group of proteins to recognize the pathogen-associated 
molecular patterns (PAMPs) that are conserved in the infectious microorganisms. Up 
to now, at least 10 distinct TLRs are discovered (Leung TF et al. 2005). TLR4，TLR2 
and TLRS are expressed on the cell surface to detect unique bacterial ligands, 
lipopolysaccharides (LPS), peptidoglycan and flagellin, respectively. However, 
intracellular TLRs also exists to recognize nucleic acids from bacteria and viruses, 
such as poly(I-C) double-strand RNA (TLR3), single strand RNA (TLRS) and CpG 
bacterial DNA (TLR9) (Eisenbarth SC et al. 2004). On the other hand, CD 14 is a 
pattern recognition receptor for LPS (or endotoxin). It can exist in soluble form 
which circulates systemically, or as membrane-bound form expressed on the surface 
of monocytes or macrophages (Pan Z. et al. 2000, Haziot A et al. 1988). Because of 
the lack of the intracellular domain, CD 14 requires to be coupled with TLR (i.e. 
TLR4) for mediating LPS response. 
TLR signaling in APC is a crucial link between adaptive and innate immunity by 
promoting the T helper cell activation, a key step of the asthma pathogenesis. 
. However, T cell priming and subsequent inflammatory responses towards different 
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microbial structures are very complicated. As a ligand of TLR4, LPS had been 
widely investigated for its effect on asthmatic inflammation. A clear dual influence of 
LPS was seen dependent on time and dose of exposure. It was reported that early 
LPS exposure before the sensitization process protected against the formation of 
OVA-specific IgE in mice, while LPS would aggravate the allergen-induced 
inflammation in sensitized mice with predominantly neutrophils influx (Tulic MK et 
al. 2000). Furthermore, Eisenbarth and colleagues demonstrated that low dose of 
LPS through TLR4 pathway on dendritic cell (DC) resulted Th2-mediated 
inflammation in OVA-sensitized mice model. Nevertheless, high dose LPS promoted 
Thl phenotype associated with IFN-y production (Eisenbarth S.C et al. 2002). The 
opposite outcomes may be explained by different cell types may respond to LPS, 
depending on the condition. It had been demonstrated that a subset of regulatory T 
cells (TR) selectively expressing TLRs could be activated by the LPS with enhanced 
survival, which may elicit inhibitory effect on Th2 clone expansion (Caramalho I et 
al. 2003). In contrast, LPS-TLR ligation stimulated the DCs to induce costimulatory 
molecules to direct T effector cell activation. TLR signaling also upregulated IL-6 
production from DCs, which was essential for T effector cell to overcome the 
suppressive action of the TR (Pasare C et al. 2003). 
. With clear understanding innate immunity and its regulation to subsequent 
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acquired response, the use of immunomodulators, which alter the Th2-skewing 
response in sensitized individuals, may be feasible for primary prevention of asthma. 
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1.5. The environmental factors and genetic makeup in 
relation in asthma 
Asthma is a complex and heterogeneous disorder. The rapid changes in the 
prevalence of asthma globally implied a critical environmental influence. A number 
of environmental factors have been found to be associated with asthma, which can be 
either protective or harmful, depending on the timing and dosage of exposure. 
Environmental factors that trigger acute exacerbations include viral or bacterial 
respiratory tract infections, allergens, air pollutants (e.g. SO2 and NO2) and tobacco 
smoking (Table 1.5.1), and these exposures generally amplify the intensity of airway 
inflammation (Singh AM et al. 2006). 
Table 1.5.1: Common aetiologies of asthma exacerbation (Singh AM et al. 2006) 
Virus induced Rhinovirus (RV) 
Respiratory syncytial virus (RSV) 
Human metapneumovirus (HMV) 
Influenza virus 
Bacteria induced Mycoplasma pneumoniae 
Chlamydia pneumoniae 
Allergen Fungi 
Tree, weed and grass pollen 
Indoor allergens 
Occupational Animal exposures 
Chemical exposures 
Irritants Airway pollutants 
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In contrast, early life infection and exposure to microbial components (e.g. 
endotoxin) may protect from allergy and asthma as suggested by the hygiene 
hypothesis (Schaub B et al. 2006). Although environmental changes may partly 
explain the increasing occurrence of asthma, these factors do not explain the 
existence of various phenotypes of asthma. 
Asthma is a complex trait which involves interactions between a variety of 
environmental factors and multiple candidate genes, and most of the asthma 
susceptible genotypes exist as polymorphic variants that alter gene functions. With 
the advance of genome-wide screens, a lot of candidate genes have been described to 
be associated with asthma and related phenotypes (Wjst M et al. 1999). These genes 
can be grouped under: a) Innate immunity (e.g. CD 14 and TLR4; Leung TF et al. 
2003, Sackesen C et al. 2005); b) Anti-oxidative enzymes (e.g. glutathione 
S-transferase (GST); Carroll WD et al. 2005); c) Cytokines that mediate airway 
inflammation and recruitment of effector cells (e.g. IL4RA, IL13 and RANTES; 
Leung TF et al. 2001, 2005, Howard TD et al. 2002); and d) Pharmacogenetic 
determinants (e.g. p2-adrengic receptor; D'amato M et al. 1998). Asthma is a 
complex polygenic disease, and a recent local study demonstrated significant 
gene-gene interactions between several candidate genes for asthma and plasma total 
* IgE in Chinese population (Chan IH et al. 2006). Subjects having the Q allele in 
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R130Q of IL13 and V allele in I50V of IL4RA had significantly increased risks for 
asthma (OR 3.1; 95% CI, 1.1-8.9). Furthermore, subjects with the Q allele in R130Q 
of III3 and T allele in C-431T of thymus and activation-regulated chemokine gene 
{TARC) had significantly higher risk for having elevated plasma total IgE levels (OR 
3.2; 95% CI, 1.3-8.2). 
In the many studies on genetic associations for asthma, results were often 
interpreted independent of the influences of the environment. In fact, one of the 
drawbacks of these studies is the inability to be reproduced from one population to 
another (Hirschhorn JN et al. 2002). Gene-environment interaction is believed to be 
one of the main reasons that determine the heterogeneous nature of asthma 
phenotypes. This concept involves phenotypic plasticity in which the effects of a 
genotype are bi-directional in shaping different phenotypes depending on the 
environmental exposures, as what had been demonstrated in E. coli (Remold SK et al. 
2006). It is crucial in particular in investigating the genes that sit at the intersection 
between the host and the environment, which may influence how the host reacts to 
the environment. For asthma, both CD 14/-\59 and GSTPl/-\05 are good examples 
for studying gene-environment interactions. In Africans, CD14/-\59 TT genotype 
was found to exert reduced asthma risk (OR 0.09; 95% CI 0.03-0.24) in children with 
‘ low indoor dust endotoxin exposure (< 44000 EU/m^), but was associated with 
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increased risk for asthma (OR 11.66; 95% CI 1.03-131.7) for those under high 
endotoxin exposure (> 44000 EU/m )• Besides, the TT genotype under low endotoxin 
exposure was associated with reduced disease severity, but this effect was not seen in 
those with high exposure (Zambelli-Weiner A et al. 2005). In another study, 
individuals with He-105 homozygotes in GSTPl under high exposure to air pollution 
had a significantly increased risk of asthma (OR 5.52; 95% CI 1.64-21.25) when 
compared with other genotypes. Such effect was not observed in those with low air 
pollution level (Lee YL et al. 2004). 
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Section I: Introduction 
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Chapter 2: Study Plan and Objective 
The high prevalence of asthma in Hong Kong suggests that this disease is 
epidemic in our population. It is being increasingly recognized that indoor 
environment is a major source of exposure to"allergens (e.g. Der p 1) and microbial 
products (e.g. endotoxin). In addition, the size of apartments in Hong Kong is 
relatively small. This may prevent the elimination of tobacco smoke and exhaust gas 
such as nitrogen dioxide (NO2), result in the worsening of indoor air quality. On the 
other hand, recent studies also highlight that genetic traits of innate immunity that 
regulate maladaptive responses are equally important in affecting the onset and 
progression of asthma. However, it is still unclear how these genetic and 
environmental factors influence the Chinese asthmatic population. As part of our 
ongoing asthma genetics project, DNA samples archived from asthmatic children and 
non-allergic controls were used for our genotyping experiments. Additional 
asthmatic subjects were also recruited for this genetic association study. There had 
not been any indoor environmental study locally. Therefore, we aim to recruit 
asthmatic patients from the Paediatric clinic for environmental and genetic factors on 
asthma. Consecutive asthmatic patients seen in our clinic were recruited for home 
environmental investigations. 
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The first part of my study examined the influences of indoor environmental 
factors in Chinese asthmatic children. The objectives of this part include: 
1. To quantify the level of NO2, house dust levels of endotoxin and allergens in 
home environment of Chinese asthmatic children. 
2. To examine the relationship between the levels of exposure to these 
environmental factors and airway inflammation, lung function and asthma 
severity in these patients. 
In order to understand how indoor environment affects asthma, patients with a 
wide spectrum of disease severity were recruited from our Paediatric Allergy Clinic. 
Asthma severity in these patients was assessed by the same investigator 
(paediatrician) using the Disease Severity Score (Brooks SM et al. 1990). It is 
recognized that the traditional approach of assessing patients by the subjective 
reporting of symptoms may not be accurate and reliable. Hence, we also assess 
asthmatic patients by the objective measurement of spirometry and exhaled nitric 
oxide (eNO). 
Home visits were made within 10 days after the outpatient visits, and patients 
were evaluated in a standardized way according to the ISAAC written questionnaires 
and house dust collection protocol (Weiland SK et al. 2004). The ISAAC written 
‘ questionnaire was used to gather health, demographic and housing environment data 
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from parents or guardians of the recruited patients. 
House dust and air samples were collected from various sites of the homes to 
assess the effects of different areas on asthma. House dust samples were obtained 
from patients' mattresses, living rooms and bedrooms, while indoor concentrations of 
NO2 were measured in patients' kitchens and bedrooms. 
The second part of my study investigated the effects of single nucleotide 
polymorphisms (SNP) of CDl 4, being a candidate gene in the innate immunity on 
asthma and atopy in Chinese children. The objective of this part is to investigate the 
association between multiple SNPs in CD 14 and asthma and atopy phenotypes 
among Chinese children. 
In this section, DNA samples from children with physician-diagnosed asthma and 
non-allergic controls were used to perform a case-control genetic association study. 
CD 14 promoter SNPs at position of -159，-1359, -1619 were genotyped, and the 
association between these SNPs and asthma phenotypes was analyzed by 
multivariate regression. 
By evaluating the genetic makeup and indoor environment, we may be able to 
identify predisposed individuals at high risk for asthma and atopy and also find 
important indoor risk factors. All these results will provide insight on childhood 
� a s t h m a on which to plan new asthma management strategies for our population. 
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Section II: Literature Review 
Chapter 3: Indoor environmental factors ofAsthma 
3.1 Overview of indoor environmental factors 
Recent studies put a great effort to identify important environmental determinants 
of asthma. Modem lifestyles spend plenty of time on indoor activities, especially 
among children. As asthma commonly starts at a young age, it is rational to search 
for any important risk factors in the home environment. In fact, robust data linked 
indoor environment to altered risk in the development of asthmatic symptoms. In a 
study of Chinese schoolchildren, gas cooking, use of foam pillow and dampness in 
house during the first year of life and current were significant risk factors for current 
wheeze, while the use of cotton quilt, intake of raw vegetables and fruit reduced 
wheezing symptoms (Wong GW et al. 2004). These results strongly suggested the 
importance of home environment (i.e. gas cooking, foam pillow, damp housing and 
cotton quilt) in influencing respiratory symptoms in Chinese asthmatic children. 
More detailed studies on specific indoor determinants should be performed 
before a final conclusion can be made. These indoor factors include exposures to 
endotoxin (Thome PS et al. 2005), muramic acid (van Strien RT et al. 2004), air 
pollutants (Emenius G et al. 2004), allergens (Wickens K et al. 2004’ Erwin EA et al. 
2005) and fungi (Belanger K et al. 2003’ Stark PC et al. 2003). Among these factors, 
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I planned to examine in this thesis the influences of indoor NO2 and house dust 
endotoxin and allergen exposures on asthma phenotypes. 
2 6 . 
3.2 House dust endotoxin 
3.2.1 Determinants of endotoxin exposure in home environment 
Endotoxin, or lipopolysaccharide (LPS), is a constituent of the outer membrane 
in all gram-negative bacteria. Endotoxin consists of three components, 0-antigen, 
core polysaccharide and lipid A (Fig 3.2.1.1) 
_ 
Fig. 3.2.1.1 Structure of endotoxin (Liu AH 2002) 
Endotoxin is a biologically active substance, which is contributed by lipid A 
moiety. This constituent is highly conserved among gram-negative bacteria. Even a 
very small amount of endotoxin can stimulate immune responses. It was shown that 
the minimum effective amount of LPS to maintain monocyte responsiveness is about 
� 1 pg/ml, which is equivalent to less than 10 LPS molecules per cell (Pabst MJ et al. 
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1982). Moreover, endotoxin is ubiquitous and durable in the environment. The 
conventional method for the inactivation of endotoxin is by dry heat at high 
temperature (250 °C) for at least 30 minutes (Nakata T. 1994), and this observation 
suggested that endotoxin may persist in the environment to act as immunomodulator 
for a long time. 
High concentration of endotoxin can be found in house dust. However, the 
reported level of house dust endotoxin varied from one study to another. This finding 
may be explained by differences in dust sampling methods (Wickens K et al. 2004)， 
extraction techniques (Douwes J et al. 1995), macro-environment of study 
populations (i.e. urban city versus rural/farming area) (Lee A et al. 2006) and 
analysis of dust samples from different indoor locations (i.e. mattress versus living 
floor versus kitchen floor) (El Sharif N et al. 2004, Thome PS et al. 2005). Besides, 
several studies indicated that housing characteristics and living habits might affect 
indoor endotoxin concentrations. Some studies reported positive correlation between 
the presence of pets (e.g. cat and dog) and endotoxin level (Schram-Bijkerk D et al. 
2005, Waser M et al. 2004，Wickens K et al. 2003). Wickens and colleagues found 
that high living room endotoxin was associated with more residents, high relative 
humidity and steam cleaning and shampooing of the carpet, while the use of floor 
� insulation was found to reduce endotoxin (Wickens K et al. 2003). Cleaning method 
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may also be an important factor for floor endotoxin, suggesting that the use of wet 
mopping lowered bedroom endotoxin (Perzanowski MS et al. 2006) and sweeping 
resulted in higher living room endotoxin (El Sharif N et al. 2004). 
3,2.2 Protective role of endotoxin in allergy and asthma development 
The relationship between endotoxin exposure and development of asthma and 
allergy is a paradox. Increasingly more studies indicated the protective role of 
endotoxin against allergy and asthma (Gereda JE et al. 2000). 
The concept on the protective role of endotoxin originated from the finding of 
low prevalence of asthma and allergy in subjects who were exposed to the farming 
environment. In a study from rural Europe, children exposed to stables and 
consumed farm milk during the first year of life had significantly less asthma, hay 
fever and atopic sensitization when compared with those exposed at 1-5 years of age. 
This protective effect was greatest when children were exposed to stables until 5 
years old (Riedler J et al. 2001). In this farm environment, contact of stables is a 
major source for endotoxin exposure which potently activates innate immune 
responses (Holt PG et al. 2002). 
Recent epidemiologic data clearly observed an inverse association between 
�endotox in exposure and asthma and allergy development. A cross-sectional survey of 
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children aged 6-13 years old from many countries in Europe reported that the 
frequency of hay fever, atopic sensitization and current atopic wheeze declined with 
increased mattress endotoxin exposure (Braun-Fahrlander C et al. 2002). In another 
prospective study of infants from New York, exposure to higher bedroom floor 
endotoxin levels during the first year of life significantly lowered the risk of infantile 
eczema, but was positively associated with wheeze at 2 years of age (Perzanowski 
MS. et al. 2006). Based on these results, endotoxin may protect against the 
development of atopic disorders. The conflicting data might be explained by a 
difference in endotoxin levels between urban and farming environments. High-dose 
LPS exposure (i.e. farming environment) was linked to increased Thl response, 
whereas low level of LPS exposure (i.e. urban city) polarized our immune system 
towards Th2 response in vitro (Eisenbarth S.C et al. 2002). We should also be careful 
in interpreting the timing of recording health outcomes when we assessed the effects 
of endotoxin on asthma development. Not all children who wheezed suffer from 
asthma. Viral infection is amongst the many etiologies that contribute to wheezing 
illnesses during infancy. Higher endotoxin may be a marker for infection to result 
non-atopic wheeze. 
Endotoxin-induced protection is thought to be related to the suppression of 
�maladaptive Th2 response by shifting the Thl/Th2 balance because endotoxin is a 
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potent inducer of the key Thl cytokine IFN-y (Le J et al. 1986). In vivo study showed 
that infants with high exposure to indoor endotoxin had significantly more 
IFN-y-producing T cells (Gereda JE et al. 2000). In murine model, AHR, the Th2 
cytokine IL-13 and specific IgE were markedly reduced after ovalbumin challenge in 
response to LPS exposure (Wang Y et al. 2006). In another report, high household 
endotoxin during infancy reduced IL-13 production from peripheral blood 
mononuclear cell (PBMC) in response to allergens in a cohort of genetic predisposed 
children (Abraham JH et al. 2005). Other possible protective mechanisms of 
endotoxin include the suppression of Th2 response via TLR4 that activates nitric 
oxide synthase-2 (Rodriguez D et al. 2003) as well as the development of tolerance 
with downregulation of IFN-y, TNF-a, IL-10 and IL-12 secretions from 
LPS-stimulated peripheral-blood leukocytes (Braun-Fahrlander C et al. 2002). 
Overall, the protective role of endotoxin on asthma and allergy and the associated 
mechanisms are not fully understood. The timing and dosage of endotoxin exposure 
are likely to be crucial factors. 
3,2,3 Deleterious effect of endotoxin exposure in asthma: the dark side 
Although endotoxin may protect against asthma onset in children, it was also 
� w e l l recognized that endotoxin have harmful effects on respiratory symptoms and 
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asthma severity (Michel O et al.2000). Airway obstruction (FEVi，FEVi/FVC) and 
increased usage of daily medications (e.g. corticosteroid, xanthines and beta-agonist) 
were associated with exposures to mattress and floor dust endotoxin in a 
dose-dependent pattern among subjects with chronic asthma and rhinitis (Michel O et 
al. 1996). Besides, Rizzo and colleagues demonstrated a positive association between 
symptom scores and household endotoxin in asthmatic children (Rizzo MC et al. 
1997). These findings indicated the harmful effect of endotoxin on asthma severity. 
Pathophysiologically, endotoxin is a pro-inflammatory agent which may 
exacerbate asthma by increasing airway inflammation. Unlike allergen exposure 
which elicits eosinophilic inflammation, endotoxin was found to induce airway 
neutrophilia in asthmatic patients (Nightingale JA et al. 1998) and in in vitro animal 
model (Burch LH, et al. 2006). In fact, studies on induced sputum also highlighted a 
link between endotoxin exposure and neutrophilic inflammatory pattern in the airway. 
When compared with eosinopilic and paucigranulocytic subtypes, induced sputum 
from subjects with neutrophilic asthma had higher airway endotoxin level, and this 
showed positive correlation with sputum IL-8 and neutrophils (Simpson JL et al. 
2007). Besides, enhanced expression of innate receptors (TLR2, TLR4 and CD 14) 
could be specifically demonstrated in asthma with a neutrophilic phenotype. These 
� observations indicated that higher endotoxin exposure might cause innate immune 
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activation in asthma. In another report, LPS administration not only increased airway 
neutrophilia in asthmatic subjects but also reduced phagocytosis and bacterial 
clearance from the airway (Alexis NE et al. 2003). In chronic asthma, airway 
neutrophilic inflammation in the absence of infection was suggested to be associated 
with more severe disease. The number of sputum neutrophils and levels of IL-8 were 
significantly higher in subjects with severe asthma when compared with patients with 
mild-to-moderate disease (Jatakanon A et al. 1999). More importantly, the 
responsiveness to inhaled corticosteroid treatment was reduced in a subgroup of 
asthmatic patients with neutrophilic inflammation (Green RH et al. 2002). From the 
above, endotoxin exposure would also be a risk factor for asthma and worsened 
airway inflammation. 
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3.3 Allergens 
3,3.1 Allergens: an update 
Allergens are the classical aetiologic factor for asthma. Biologically, their roles in 
directing Th2 response and subsequent pro-inflammatory effects seen in asthma are 
well recognized. Nevertheless, the relationship between indoor allergen exposure in 
early life and asthma development was not definite. In a prospective study, a greater 
proportion of dust mite-sensitive children with wheezing was found after 3 years old 
when compared with non-sensitized ones. Similarly, sensitized children had higher 
AHR at 7 years old than non-sensitized subjects, thus suggesting a link between 
allergen sensitization and asthma (Lau S et al, 2000). However, allergen levels in 
carpet dust samples in infants at the age 6 months was not associated with altered 
risk of wheezing or asthma diagnosis in these children at 7 years old. Similar result 
was reported by Carter et al, who failed to find any association between early life 
exposure to dust mite allergen levels in bedroom and asthma diagnosis or AHR at the 
age 6-7 years (Carter PM et al. 2003). 
Importantly, studies on pet allergens suggested that cat keeping might actually 
decrease allergen sensitization and asthma risk. This observation challenged the 
� c l a s s i c a l role of allergens in asthma development. Recently, a cross-sectional study 
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investigated the effects of Fel d 1 and Der f 1 (dust mite) exposure among US 
children aged 12-14 years (Platts-Mills T et al. 2001). Increasing exposure to Der f 1 
increased its sensitization in children, which was also significantly associated with 
asthma. In contrast, the prevalence of cat allergen sensitization decreased 
significantly in subjects with high Fel d 1 exposure whereas a gradual increase in 
rates of sensitization was seen in those with low-to-moderate exposures. Furthermore, 
a large proportion of children with high Fel d 1 exposure had elevated serum IgG 
(IgG4) level but without clinical evidence of being allergic. This modified Th2 
response, which was characterized by having high level of IgG (but not IgE) to Fel d 
1，was shown by culture study to be caused by IL-10 and IFN-y (Reefer AJ et al. 
2004). This finding with cat allergen supported that immune tolerance was an 
allergen-specific phenomenon rather than due to a non-specific protective effect of 
microbial stimulation (e.g. endotoxin) from the pets. 
3,3,2 Determinants of allergens in home environment 
Numerous indoor allergens can be found in the home environment, and the most 
important allergen in subtropical regions like Hong Kong is house dust mites (e.g. 
Dermatophagoides farinae and Dermatophagoides pteronyssinus). Other less 
� important allergens include cat, dog, cockroach and moulds. Generally, indoor 
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concentration of allergens varies with the season, nature of allergens and living 
habits of residents. Some home characteristics also influence indoor levels of specific 
allergens. 
The optimal growth and reproduction for house dust mites depend on 
environmental temperature and humidity (e.g. 25°C and relative humidity 75% for D. 
pteronyssinus). Current data demonstrated a strong association between indoor Der p 
1 levels and humidity and temperature (Zock JP et al. 2006, Gross I et al. 2000, 
Richardson G et al. 2005). According to European Community Respiratory Health 
Survey, increased mattress Der p 1 levels were associated with older age of mattress, 
lower floor level of bedroom and restricted ventilation (Zock JP et al. 2006). It was 
suggested that dust mite levels were highest on ground floors due to direct contact 
with soil and thus floor moisture. Older age of mattress may serve as reservoir of 
dust mite allergens. Other risk factors for high dust mite exposure included the use of 
older carpet and the presence of dog at home (Gross I et al. 2000). The presence of 
dog may produce skin scales which is a source of food for dust mites. Besides, the 
use of carpet may lead to accumulation of dust. 
3.33 Allergen avoidance: environmental intervention 
‘ Allergen exposure is a significant risk factor for severe asthma. In a study of US 
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asthmatic children from inner cities, subjects sensitized to cockroach allergen and 
exposed to high levels of bedroom Bla g 1 (8U/g dust) had significantly higher 
hospitalization, unscheduled clinic visits, wheezing symptoms, school absences due 
to asthma and sleep loss (Rosenstreich DL, et al. 1997). These findings indicated 
more provocation for asthma exacerbations and symptoms in sensitized patients 
under high indoor allergen exposure. Allergen avoidance in home environment could 
be an important measure for asthma control. 
Most early studies on environmental interventions focused on reducing single 
allergen exposure. Despite some studies showing beneficial effects (Maestrelli P et al. 
2001), many of them could not find any clinically benefits of allergen avoidance on 
asthma symptoms. Dust mites (e.g. D. ptewnyssinus), as a major source of indoor 
allergens, were widely studied. Woodcock and colleagues performed a 
double-blinded, randomized, placebo-controlled study in asthmatic adults to test the 
effectiveness of allergen-impermeable bed encasement (Woodcock A et al. 2003). 
There was no difference between the intervention group and control group in the 
morning peak expiratory flow rate, as well as mean dose of steroid reduction after 
1-year follow up among all patients and the subgroup of mite-sensitive subjects. Why 
do these studies fail to observe any clinical improvement? Some of them might not 
‘ effectively lower total allergen exposure at home. Others may only focus on allergen 
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control in selected locations at home, which might still expose subjects to sufficient 
amount of allergen. Besides, most of these studies did not adequately educate 
participants on environmental control. Moreover, the interventions used in these 
studies either were not targeted towards the immunological irritants causing subjects' 
allergies, or might not adequately reduce the exposure of allergens that these subjects 
were sensitized to. More important, asthma may be worsened by other environmental 
factors even when the exposure to one specific allergen was lowered. 
More recent studies on environmental control for multiple aeroallergens 
suggested this approach to be more effective for asthma control. Morgan and 
colleagues carried out a randomized control trial of home environmental intervention 
for children with atopic asthma in inner US cities. Their interventions included 
tobacco smoking and various important indoor allergens (e.g. dust mites, dog, cat, 
cockroach, moulds and rodents), with tailor-made activities on the avoidance of 
passive smoking and allergen exposures according to skin-prick test results. 
Participants were thoroughly educated for environmental remediation plan including 
cockroach control service and supply of equipments (e.g. allergen-impermeable 
covers, HEPA vacuum cleaner, power bush and air purifier). After a 2-year follow up, 
subjects in the intervention group had significantly lower asthma symptoms and 
� school absences due to asthma when compared to the control group (Morgan WJ et al. 
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2004). Within the intervention group, asthma-related unscheduled visits to clinic and 
emergency department and hospitalizations as well as asthmatic symptoms were 
strongly correlated with the decline of bedroom levels of cockroach (Bla g 1) and 
dust mites (Der f 1). Unfortunately, the authors did not measure the changes of 
environmental tobacco smoke exposure in the intervention group, making it difficult 
to separate the beneficial effects from allergen reduction from that of reducing 
tobacco smoke exposure. Nevertheless, this study provided some evidences that the 
reduced exposure of multiple sensitized allergens in asthmatic patients would be a 
key component of successful home-based remediation. 
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3.4 Nitrogen dioxide 
3.4.1 Determinants of indoor nitrogen dioxide and its relation with gas 
cooking 
Epidemiologic evidence suggested an association between respiratory symptoms 
and domestic use of gas stoves (Garrett M.H. et al. 1998, Wong GW et al. 2004), and 
this observation could possibly be accounted for by exposure to exhaust gas released 
from stoves during cooking. One of the major components in the exhaust gas is NO2， 
a byproduct of combustion which is commonly found as both indoor and outdoor air 
pollutants. 
Several reports described the main factors affecting indoor NO2 concentration. 
There was a positive relationship between gas cooking and NO2, which indicated gas 
stoves as a major source of NO2 (Cyrys J et al. 2000, Gilbert NL et al. 2006). In 
another study, the presence of gas cooker and heating, smokers at home, as well as 
season at NO2 measure ment were closely related to indoor NO2 levels in three 
European cities (i.e. Ashford, Barcelona and Menorca). When analyzed by regression 
model, these factors could explain 52% of the variation of indoor NO2 concentration 
(Garcia Algar O et al. 2004). In an urban, low-income cohort in Boston, air exchange 
‘ rate and outdoor NO2 level, but not presence of gas stoves, are significant 
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contributors for indoor NO2 concentration (Zota A et al. 2005). Interestingly, 
apartments in this cohort were usually small. During cold season in which windows 
were mostly closed and gas heating turned on, indoor NO2 levels exceeded the 
annual average exposure of US National Ambient Air Quality (i.e. 53 ppb) in about 
40% of the kitchens. This finding suggested that the deleterious effects of poor 
indoor ventilation on house NO2 accumulation might overwhelm that due to the 
presence of gas stoves especially in small apartments. 
3.4.2 The adverse effects of nitrogen dioxide on respiratory symptoms 
Many epidemiological studies addressed the relationship between NO2 exposure 
and respiratory symptoms particularly among asthmatic children (Smith BJ. et al. 
2000). The results indicated an association between chronic NO2 exposure and 
adverse respiratory health outcomes and increased asthma exacerbations in patients. 
Van Strien and colleagues investigated the effect of living area NO2 on asthma 
development in a cohort of at risk infants (i.e. with at least one older sibling having 
asthma). This study found that infants exposed to high NO2 (> 17.4 ppb, the highest 
quartile) had significantly more respiratory symptoms as compared with those with 
low exposure (< 5.1 ppb, the lowest quartile) (van Strien R.T. et al. 2004). Another 
� study on asthmatic children living in multi-family housing reported that the presence 
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of gas stoves and increased living area NO2 levels were associated with more 
frequent respiratory symptoms (Belanger K. et al. 2006). When bedroom NO2 levels 
were stratified into textiles (lowest tertile: 5.24 ppb; highest tertile: 10.47 ppb)， 
Garrett et al. found respiration symptoms to be associated with high indoor NO2 
exposure (Garrett M.H. et al. 1998). 
Apart from the occurrence of respiratory illnesses, NO2 exposure may play a role 
in asthma exacerbation. In a cohort of asthmatic children, Chauhan and colleagues 
found a dose-response relationship on the severity of lower respiratory symptoms 
across the three tertiles of individual NO2 exposure before infection (< 3.93 ppb, 
3.93-7.33 ppb, > 7.33 ppb). Furthermore, subjects with high NO2 exposure at the 
beginning of exacerbation with picomavirus infection had lower PEF (Chauhan A.J. 
et al. 2003). Asthmatic children exposed to NO2 > 14.66 ppb were more likely to 
have acute attacks following upper respiratory infection when compared with those 
on low exposure < 4.19 ppb (Linker C.H. et al 2000). These observations highlighted 
the influence of NO2 exposure on the occurrence and severity of infection-induced 
asthma exacerbation. 
3.4,3 Reactive nitrogen species and nitrosative stress in asthma 
Reactive nitrogen species (RNS), including nitric oxide (NO), NO2 and 
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peroxynitrite, are involved in the pathophysiology of inflammatory pulmonary 
diseases. Apart from exogenous sources, NO2 can also be generated endogenously 
from inflammatory cells and structural cells in the lung. 
Both in vitro and animal studies demonstrated the acute effects of NO2 in 
damaging the airway particularly among asthmatic patients. Bronchial epithelial cells 
from asthmatic patients were found to have reduced electrical resistance and elevated 
transepithelial '"^C-BSA movement when exposed to ozone (O3) and NO2. Such 
effects were not observed in cell culture from non-asthmatic subjects (Bayram H. et 
al. 2002). Although high levels of oxidants were used (O3： 0-100 ppb and NO2： 0-400 
ppb) and which was unlikely to be encountered in real life, these outcomes suggested 
that asthmatic bronchial epithelium might have increased permeability on exposure 
to the oxidizing pollutants. It is also possible that asthmatic airway epithelium may 
be more sensitive to these toxic oxidants. 
In an animal study, ovalbumin-sensitized mice that were exposed to 2 ppm NO2 
for 24 hours had more extensive epithelial damage and denudement than mice 
without this exposure. On the other hand, NO2 exposure did not affect 
allergen-induced airway response (Hussain I. et al. 2004). In contrast, BAL fluid 
from ovalbumin-sensitized and challenged mice demonstrated AHR and 
‘ predominance of eosinophilic response after exposure to 25 ppm NO2. This enhanced 
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airway inflammation in sensitized mice persisted for 20 days after cessation of NO2 
exposure (Poynter M.E. et al. 2006). Collectively, these studies suggest that NO2 may 
modulate airway inflammation and responsiveness. 
The effect of NO2 observed in the above studies may be related to its RNS nature 
and the associated nitrosative stress. Exposure to environmental NO2 and elevated 
exhaled NO levels in asthma may enhance the formation of RNS such as 
peroxynitrite in the respiratory tract (Ricciardolo FL et al. 2006). This increased 
release of RNS in turn amplifies the harmful effects of NO2 on the airway. RNS (e.g. 
NO2) is known to cause lipid peroxidation that may damage cell membrane 
(O'Donnel V.B. et al. 1999). In addition, RNS depletes intracellular glutathione via 
thiol oxidation, thus promoting further oxidative stress (Persinger R.L. et al. 2002). 
RNS could also covalently modify the tyrosine group of proteins, thus altering their 
function (MacMillan-Crow L.A. et al. 1998). A recent study reported that RNS could 
interfere with cellular signaling pathways (Janssen-Heininger Y.M. et al 2002). Lastly, 
the harmful effects of RNS may be related to increased apoptosis of lung epithelial 
cells through the activation of JNK (apoptotic), resulting in inhibition of N F - K B 
(anti-apoptotic) and shifting the balance towards cell death. Nevertheless, the 
mechanisms of airway damage following chronic, low NO2 exposure in asthma are 
presently unknown. 
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Section II: Literature Review 
广 r A CD14 Single Nucleotide Polymorphisms and 
cnapter 4： Asthma 
4.1 Overview of CD14 receptor 
CD 14 is a pattern recognition receptor for endotoxin/LPS of gram-negative 
bacteria. It is a glycosylphosphatidylinositol-anchored glycoprotein on cell 
membrane, which is expressed on myeloid cells such as macrophages, monocytes 
and neutrophils (Haziot A et al. 1988). Membrane bound CD 14 {mCD14) is essential 
to mediate myeloid cell activation, which in turn regulates T cell and B cell 
responses (Lue KH et al. 1991, Jabara HH et al. 1994). However, CD 14 also exists in 
soluble form {sCDI4) in serum, which is derived from monocytes and hepatocytes 
(Pan Z et al. 2000). sCD14 provides another way for mediating LPS response, in 
which sCD14/L?S complex can attach to non-myeloid cells that do not express 
mCD14 (e.g. epithelial cell and DC) to facilitate inflammatory responses (Striz I et 
al.l998，PuginJetal. 1994). 
CD 14 was at first believed to be specific for LPS response. Further studies found 
that CD 14 responded to a variety of pathogenic products by coupling with distinct 
receptors, e.g. lipoteichoic acid of gram-positive bacteria (Schroder NW et al. 2003) 
and myobacterial glycolipid (Vignal C et al. 2003) and marmans of yeasts (Tada H et 
al. 2002). Thus, genetic variations in CD 14 may modify mCD14 and sCD14 
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expressions, leading to a complex functional consequence in response to a network 
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4.2 Action of CD14 receptor in endotoxin response 
The LPS response begins with the recognition of lipid A moiety of LPS by a 
serum transporter protein, LPS binding protein (LBP), which is then delivered to 
either mCD14 or sCDI4. Owing to the lack of transmembrane and intracellular 
segments necessary for signal transduction, CD 14 mediates its effects through 
coupling with TLR4/MD-2 complex. Classically, TLR4 triggers signaling cascade by 
interacting with adaptor molecules MyD88 (MyD88-dependent pathway). However, 
it was reported that IFN-p was produced in response to LPS by macrophages from 
MyD88-deficient mice, thus suggesting other possible signaling pathways via TLR4 
(Toshchakov V et al. 2002). More recently, LPS/TLR4 response was found to be 
mediated through MyD88-independent pathway in which TIRAP, TRAM and TRIP 
were involved as adaptor molecules (Fitzgerald KA et al. 2001, 2003). Both of these 
signaling pathways eventually activate the mitogen-activated protein kinase and the 
transcription factor NF-KB，which upregulate the expression of multiple target genes 
encoding a variety of pro-inflammatory cytokines and chemokines. Nevertheless, the 
functional impact for using different adaptor molecules in mediating TLR4 signaling 
pathways is not entirely clear. TRAM and TRIP could activate other transcription 
factors such as interferon regulator factor 3 (IRF-3) and IRF7, which in turn regulate 
other genes for immune responses (Basu S et al. 2004). 
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4.3 Relation of CD14 with asthma 
4.3.1 Association between CD 14 polymorphisms and asthma 
phenotypes 
Genome-wide screen for asthma susceptibility identified the linkage between 
asthma phenotypes and a number of chromosomal regions: 2q, 5q, 6q, 7q and 12q 
(Koppelman GH et al. 2002，Xu J et al. 2000). Among these regions, chromosome 5q 
was found to be associated with total serum IgE (Meyers DA et al. 1994) and AHR 
(Postma DS et al. 1995). Importantly, this locus contained Th2 cytokine genes such 
as IL4 and IL13 that regulated IgE synthesis (Marsh DG et al. 1994). The gene 
encoding CD 14 is also located on chromosome 5q.31.1. In view of the importance of 
LPS exposure for asthma and allergy, many investigators studied the genetic 
association between CD 14 variants and asthma phenotypes. 
In 1999，Baldini et al. first reported the association between a promoter SNP 
(-159/C-^T) in CD14 and atopy in children (Baldini M et al. 1999). They found that 
TT homozygosity at position -159 of CD 14 was significantly associated with lower 
total IgE level among skin-prick positive children. Besides, individuals with TT 
genotype had significantly higher serum sCD14 concentration than carriers of the C 
allele. The genetic polymorphisms in CD 14 were widely studied, but yielding 
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conflicting outcomes. In a German birth cohort, CD 141-159 was not associated with 
asthma, allergic rhinitis, eczema, total IgE or allergen-specific IgE (Sengler C et al. 
2003). Both SNPs at position -159 and -1359 were not associated with asthma 
diagnosis in Caucasian children (Heinzmann A et al. 2003). In contrast, Turkish 
children homozygous for T alleles in CD 14!-\59 had lower total IgE levels 
(Sackesen C et al. 2005). In the Chinese population, our group confirmed the effect 
of CDW-159 on childhood atopy (Leung TF et al. 2003). Atopic (RAST-positive) 
children with TT genotypes had significantly lower total serum IgE levels when 
compared with the other genotypes. The TT genotype was also correlated with higher 
serum sCD14 levels. Table 4.3.1.1 summarized the findings of different genetic 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































These intriguing findings led us to dissect the underlying mechanism between 
CD 14 SNPs and atopic state. Unfortunately, functional studies of CD 14 promoter 
polymorphisms are lacking. At the molecular level, transition of C->T in CD14/-\59 
influenced CD 14 expression. Using luciferase reporter assay, monocytes transfected 
with vector of CD 14/-\59T had enhanced transcriptional activity than that of -159C 
allelic variant (LeVan TD et al. 2001). CD 14!-\59 is situated within the GC box 
element of the promoter, which interacted with transcription factors Sp3 (repressor), 
Sp2 and Spl (both are activators) (Suske G et al. 1999). Of note, transition from C to 
T allele in SNP -159 would influence the binding of Sp family with GC box. In 
monocytes, the ratio for [Spl + Sp2] to Sp3 was high, with Spl and Sp2 dominated 
in the cell (LeVan TD et al. 2001). In the presence of T allele, reduced affinities for 
Spl and Sp2 were compensated by their high concentrations. Therefore, the 
decreased binding affinity for Sp3 caused the elevation of transcription. On the 
contrary, in the presence of C allele, the high affinity for Sp3 overrides the dominant 
effect of Spl and Sp2. Increased Sp3 binding suppressed CD 14 expression (Vercelli 
D 2002). The results suggested that CD 14 expression was regulated by promoter 
SNPs and Sp proteins, which may explain why subjects with TT homozygosity at 
CD 141-159 had higher sCDI4 levels. Besides, activation of monocytes via CD 14 
pathway was found to inhibit IgE antibody production from B cells (Jabara HH et al. 
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1994). Increased CD 14 expression on monocytes in subject with TT homozygote 
may have strong IgE suppression, resulting lower serum IgE level. 
4.3.2 Endotoxin switch concept: from gene to gene-environment 
Alternative explanation was proposed for the interesting results on CD 14, 
endotoxin exposure and atopy development. Under the hypothesis of "endotoxin 
switch", there was a bimodal dose-response relationship between endotoxin exposure 
and innate immune responses (Vercelli D et al. 2003). This model was based on the 
bidirectional responses under different levels of endotoxin exposure. Low endotoxin 
exposure (e.g. Western countries) resulted in Th2 phenotype, while high exposure 
(e.g. farming environment) elicited Thl tolerance. In subjects with intermediate level 
of endotoxin exposure, immune responses would switch from Th2 to Thl phenotype 
at a definite endotoxin dose. Different alleles in CD 14 can play a role in fine-tuning 
this response curve in which different genotypes reposition the dose for the switch to 
occur. In other words, increased expression of CD 14 in individuals with -159T may 
require less endotoxin to elicit the protective Thl response (e.g. reduced total IgE) 
when compared to subjects with -159C. In this sense, the differential effect of 
CD 14/-159 C ^ T transition on atopy observed in genetic studies may be explained 
by different levels of endotoxin exposure which fall into the difference between the 
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switches of C and T allele. Within this range, C allele elicits Th2 response but T 
allele skews immunity towards Thl phenotype. Discrepancy in the effects of 
CDl4/59 on atopy found from genetic studies may thus reflect distinct levels of 
endotoxin exposure in different populations. No association may be found if 
endotoxin level was out of this sensitive range. 
This hypothesis opens up a new area of research on the interaction between 
environmental endotoxin exposure and the effects of CD 14 variants, although current 
data on CD7^/endotoxin interaction does not fulfill all aspects of this model. In 
contrast to the protective role of T allele in CD14/A59’ it was reported that only 
children with CC genotype had a significantly lower risk of dust mite sensitization 
with increasing living room endotoxin exposure (Simpson A et al. 2006). In Africans, 
TT genotype was significantly associated with asthma in subjects with high 
endotoxin exposure (> 44000 EU/m^), but with reduced risk of having asthma under 
low endotoxin exposure (<44000 EU/m^) (Zambelli-Weiner A et al. 2005). Among 
children in Germany and Austria, regular contact with different animals or various 
levels of endotoxin exposure could modify the association between atopy and 
CD14/-\59. Individual with C allele had significantly lower specific IgE in the 
highest mattress endotoxin tertiles (>30000 EU/m^), but not other tertiles (Eder W et 
al. 2005). Interestingly, children with homozygous C allele and regular contact with 
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stable animals (e.g. cow and sheep) had lower levels of total and specific IgE, while 
subjects with pet (e.g. dog and cat) contact only had elevated total and specific IgE 
concentration. 
The interaction between CD 14 and environment is complex. More recent data 
clearly showed that endotoxin modified the relationship between atopy and asthma 
risk and CD 14 SNPs. More importantly, this switch concept implies that a particular 
allele (or genotype) should not be regarded as at-risk. or protective for asthma 
regardless of environmental endotoxin exposure. Under such scenario, it is plausible 
that only studies with similar endotoxin exposure levels would produce comparable 
results. It would be crucial for different studies to adopt a standardized method for 
indoor endotoxin measurement. 
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Section III: Study Core 
Methodology in indoor environment 
^ • investigation and its result 
5.1 Study population 
A total of 117 stable asthmatic subjects (from 107 families) aged 5 - 1 8 years 
were recruited from the Paediatric Allergy Clinic of our university-affiliated teaching 
hospital. All subjects were free from symptoms of respiratory infections for at least 
two weeks before recruitment. Informed written consent was obtained from the 
parents or guardians of the patients upon recruitment. The booking of appointment 
for home visit was done at the same time. 
The clinical information of each subject was recorded during clinic visit. Asthma 
was diagnosed by the same paediatrician. A trained research assistant measured eNO 
level by online single-breath method with the subject breathing at an expiratory flow 
rate of 50 ml/s into a chemiluminescence analyzer (NOA280i, Sievers Instruments, 
Boulder, CO, USA) according to American Thoracic Society (ATS) criteria. The 
average of three acceptable eNO measurements was chosen. The same staff then 
performed spirometry for the patients (MasterScreen, Jaeger, Wiirzburg, Germany) 
according to ATS standard (Miller et al. 2005). FEVi and FVC of each subject were 
measured, which were compared with the published reference for local age- and 
sex-matched Chinese children (Ip MS et al. 2000). 
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All subjects were distributed in different districts in Hong Kong (i.e. New 
Territories, 86%; Hong Kong Island, 1% and Kowloon, 12%), and 70 % of them 
covered the Eastern region of New Territories (Fig. 5.1.1) 
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Fig. 5.1.1: A map for Hong Kong, which shows New Territories, Kowloon, and Hong Kong Island. 
This Study was conducted between March 2006 and March 2007. It had been 
approved by the Clinical Research Ethics Committee of the Chinese University of 
Hong Kong. Fig. 5.1.2 illustrated a simple flow chat for the study 
5 8 
Subjects (117 asthmatic children) 
Withdrawn (2 subjects) 
Measurements of 
115 asthmatic children — lung ftmction and 
exhaled NO level 
Home visiting 
I _ I ‘ 
ISAAC Questionnaire House dust collections Indoor NO2 measurement 
Air samples delivered to 
commercial laboratory for 
analysis 
House dust extraction 
I I 
Endotoxin measurement Allergen quantification 
Fig. 5.1.2: A schematic diagram for the indoor environment study of the asthmatic children 
population. 
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5.2 Home visiting protocol 
5,2.1 The International Study of Asthma and Allergies in Childhood 
(ISAAC) 
The International Study of Asthma and Allergies in Childhood (ISAAC) is a 
multi-national collaborative project to investigate the worldwide prevalence rates of 
asthma and allergy in the childhood population. This international epidemiological 
research programme was set up in 1991. The research project was initiated in New 
Zealand and Germany. Owing to the global concern of rising prevalence and severity 
of asthma, ISAAC had subsequently attracted the participation of many national 
centers. The objectives of ISSAC include: 
1. To compare the prevalence and severity of symptoms of asthma, allergic 
rhinoconjunctivitis and eczema in children among different countries. (Phase I); 
2. To examine the aetiological factors such as lifestyle, environmental determinants 
and genetic factors affecting these diseases. (Phase II); and 
3. To investigate the current time trend of prevalence and severity of asthma and 
other allergic disorders in different areas of the world. (Phase III). 
In order to enable reliable international comparisons, ISSAC developed simple, 
standardized written and video questionnaires (ISAAC Steering Committee, 1998). 
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In these ISAAC questionnaires, a core module was used to assess the self-reported 
symptoms of asthma and other allergic diseases, and which was useful to identify 
subjects with allergic disorders. 
5,2,2 ISAAC questionnaire 
During the home visits, parents or guardians of recruited patients were asked to 
complete the written ISAAC Phase II questionnaire (Appendix 1). This questionnaire 
had been translated into Chinese and validated according to ISAAC protocol, and 
which had been used in a previous epidemiological study for asthma and allergies in 
Hong Kong schoolchildren (Wong GW et al, 2005). 
The questionnaire comprised of two sections. The core module consisted of 
questions on demographics, wheezing, allergic rhinitis and atopic eczema. "Current" 
symptoms was defined as symptoms in the past 12 months; "asthma ever" referred to 
diagnosed asthma by a physician in the subject's lifetime. "Current asthma" was 
defined as having symptom of wheeze in the past 12 months in addition to having a 
diagnostic label of "asthma ever". "Rhinoconjunctivitis" was defined as sneezing or 
having a runny nose or blocked nose accompanied by itchy-watery eyes in subject 
without upper respiratory tract infection. "Eczema" was defined as an itchy rash 
which persisted for at least six months, affecting the folds of elbows, behind the 
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knees, in front of the ankles, under the buttocks or around the neck, ears or eyes. The 
core questionnaire also asked for detailed current symptoms of asthma, including 
wheeze after exercise, night awake with wheeze, nocturnal cough and number of 
severe attack in the past year. The second part of this questionnaire consisted of 
questions on risk factors for asthma and allergies, which enquired about current 
living conditions as well as those during the first year of life. This section also 
recorded socioeconomic status, breast feeding, family size, family history of atopic 
disorders, infections, pets keeping, environmental tobacco smoke, cooking fuel, 
house dampness, type of bedding and nutritional factors. Additional information 
about domestic cleaning method, frequency of cleaning, type of housing and time for 
opening window were also obtained. The questionnaire was pilot-tested and modified 
before the beginning of this project. 
5.2.3 House dust collection procedures 
House dust samples were collected during subjects' the home visits. Dust 
samples were collected from three locations within the home, including mattress, 
bedroom floor and living room floor. A modified portable vacuum cleaner (Makita 
407ID) was utilized in the whole project, which was a validated method for house 
dust collection (Tovey ER et al 1992, 2003). This vacuum cleaner was equipped with 
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a 25-|a.m nylon dust collection bag (Allied Filter Fabrics PTY Ltd, Australia) for 
indoor dust sample. House dust was collected from each site with a new nylon bag. 
The sampling bag was attached to a wire mesh prefilter (500 |a.m) to remove coarse 
dust particles. Fine dust (< 500 |a,m) passing through this was collected in the nylon 
bag for subsequent laboratory analysis. 
To reflect subjects' usual exposure of allergens and endotoxin, dust samples were 
obtained from the domestic areas in which they usually carried out everyday 
activities. Dust collection procedures were adapted from ISAAC Phase II protocol 
(Weiland SK et al. 2004), and the details were described below: 
a. Mattress: All pillows, duvets, blankets or sheets (things that the child slept under) 
were removed. The bed was vacuumed only on under-sheet and mattress covers 
(things that the child slept above). The size of the bed was measured. Dust 
sample was collected from one half of the mattress for 2 minutes, and the second 
sample was then collected from the other half of the mattress for 2 minutes. 
These two samples from each bed were stored separately. Only one dust sample 
was used for the quantification of endotoxin and allergens. The other sample 
from the same bed (half) was unprocessed and stored for future study. 
b. Bedroom floor: Dust was collected from an area as large as possible, and with a 
maximum area of 4 m .^ Sampling time was in proportion with the area for 
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collecting dust and depended on different types of floor. 1) Completely carpeted 
floor: 2 min per m ;^ 2) Smooth floor with a rug > 4 m^: 2-m^ rug for 4 min; 3) 
Completely smooth floor or smooth floor with 1 or 2 small rugs (< 4 m^): 1 min 
per m .^ 
c. Living room floor: The area in living room where the family and the child spend 
most of their time was chosen for dust collection (e.g. sitting area). This area was 
mostly situated in the middle of the living room. The same sampling protocol (i.e. 
size and time) as for the bedroom was applied to collect sample from the living 
room. 
After dust sampling, the nylon bag was tightly wrapped and placed in a 
press-sealed bag. Each dust sample was clearly labeled with subject's code and site 
of collection. Vacuum cleaner, filter, piping and nozzle were thoroughly cleaned by 
tissue and alcohol pads after sampling each site. To avoid errorenous increase of 
allergen level after dust collection due to mites growth, fresh indoor dust samples 
were stored frozen at -20°C for at least 24 hours to kill the live dust mites before the 
subsequent extraction procedures. 
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5,2,4 Indoor nitrogen dioxide measurements 
5.2.4.1 Ogawapassive sampler 
Indoor NO2 concentration was measured by Ogawa sampler badge (Ogawa & 
Company, USA, Inc) (Fig. 5.2.4.1) 
1 
Fig 5.2.4.1 Ogawa passive sampler for indoor NO2 measurement 
The Ogawa sampler was a passive monitor device for collecting NO2. The structure 
of the sampler was simple (Fig. 5.2.4.2). 
StainUss screen Smnm^ body 
I Pod r^ rfcimsng ring 
tiit«r 
� Fig 5.2.4.2 Structure of the Ogawa passive sampler 
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The sampler body had two chambers. In each chamber, it contained two stainless 
steel screens, which were used to hold a filter. The filter was coated with 
triethanolamine to trap NO2 in the air. NO2 reacted with triethanolamine to release 
nitrite ion, which was used to calculate the total amount of NO2 collected. In addition, 
there was an end-cap with holes located at the edge of chamber, which allowed 
passive diffusion of air into the sampler during the exposure. 
5.2,4,2 Preparation and sampling procedure 
Before NO2 sampling, Ogawa sampler was disassembled into its main 
components (i.e. sampler body, cylinder chamber, steel screens and end-cap) by 
forceps. All parts were cleaned by Milli-Q water thoroughly. Each constituent was 
laid on Kimwipes and allowed to dry completely. The sampler was then assembled 
part by part according to manufacturer instructions. A NO2 filter was inserted 
between the steel screens in each chamber by forceps. After the assembly of sampler, 
the completed badge was put into a re-sealable bag, which was placed inside the 
airtight brown container. The loaded sampler was then temporarily stored in 
refrigerator at 4°C until exposure. 
During the home visit, two loaded samplers were placed in bedroom and kitchen 
respectively for measuring indoor NO2 level at room temperature. The samplers were 
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placed at the height 1.8 m above the floor by suspending the sampler with a thread. 
The location was chosen to be near the center of the room with sufficient air 
movement. The starting time was recorded on log sheet, and the exposed sampler 
was retrieved 48 hours later and put back into a re-sealable bag inside an airtight 
container. The completion time for NO2 collection was also noted. Upon return to our 
research laboratory, the exposed samplers were disassembled carefully. The exposed 
filters were taken out by forceps and transferred into a clean glass vial. Air samples 
were stored at 4 and transferred in batches to Lam Laboratories Ltd. within 1 
week for further analysis. 
5.2.4.3 Indoor nitrogen dioxide quantification 
The analysis of exposed NO2 filters was performed by Lam Laboratories Ltd. 
The analytic assay for NO2 followed manufacturer's protocol. Briefly, 5 ml water and 
5 ml coloring reagent (NEDA-sulfanilamide solution) were added into the sample 
vial. The sample was mixed well and incubated at room temperature for color 
development. The absorbance was measured at 545nm by a spectrophotometer. 
Similar procedures were followed for the standard nitrite solution (0.05 - 1.1 |ig 
nitrite/ml). NO2 concentration was calculated from the standard nitrite calibration 
curve according to manufacturer instructions. A quality control sample was included 
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in each batch of analysis. 1.0 |ig of nitrite standard was first spiked to an unexposed 
filter, followed by the standard procedures of the extraction and colour development. 
Recoveries of all spiked control sample were over 90% with acceptable range from 
80 - 120 %. Fig. 5.2.4.3 showed a standard nitrite curve for NO2 calculation with the 
coefficient of determination (r^) 0.993. 
Standard curve for nitrite solution 
0.5 i 
0.45 - ！ 
I 0.4 - ^ ^ : 
I 0.35 - \ 
§ 0.3 - ^ ^ i 
S 0.25 - ^ ^ ^ ^ ； 
I 0.2 - ^ ^ ！ 
I 0.15 - ^ ^ 
< 0.1 - ^ ^ 
0.05 
Q 1 1 1 1 1 ‘ 
0 0.2 0.4 0.6 0.8 1 1.2 
Nitrite ion concentration (ug/ml) 
Fig 5.2.4.3: Standard curve of nitrite solution. Absorbance at 545 nm was plotted against nitrite ion 
concentration (ug/ml). The working range of the nitrite standard was 0.05 - 1.1 ^g /ml. 
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5.3 House dust extraction 
The dust extraction was performed according to ISAAC Phase II protocol, which 
was adapted from Utrecht University (Weiland SK et al. 2004, Schram D et al. 2005). 
Before processing, dust sample was placed at room temperature overnight to avoid 
condensation upon opening. All dust in the same collection bag was transferred into a 
pre-weighted 15 ml polypropylene tube, and dust weight was recorded. 
Endotoxin and allergens were extracted sequentially. Firstly, 5 ml extraction 
fluid (0.05% (v/v) Tween-20 pyrogen-free water) was added to the sample. The 
homogenous suspension was incubated on a roller for 1.5 hours at room temperature. 
The sample was then centrifuged for 15 minutes at 1000 x g (20°C). Upper 10% (500 
|xl) of the supernatant was harvested and transferred into two pyrogen-free tubes. The 
samples were stored at -20°C until endotoxin analysis. 
In the second part for allergen extraction, 500 jil of lOx concentrated 
phosphate-buffered saline (PBS) was added to the remaining dust pellet, so the new 
extraction medium become PBS-0.045% Tween 20. After re-suspension and 
thorough mixing of dust pellet by vigorous vortexing, the dust was extracted with 
upside-down mixing at 4°C overnight. This was followed by centrifugation for 15 
min at 2000 x g (20°C), and 2 ml of supernatant was taken and stored in 2 aliquots at 
-20�C for allergen analysis. 
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5.4 House dust endotoxin measurement 
House dust endotoxin concentrations were quantitated with chromogenic 
Limulus Amebocyte Lysate (LAL) assay (QCL-1000, Cambrex Bioscience, 
Walkersville, USA) according to the manufacture's instructions. In brief, 50 yd of 
diluted samples (1:50 - 1:1000) were added to pyrogen-free 96-well polystyrene 
microplate (Falcon, BD Bioscience, California, USA) and incubated with the 50 |il of 
LAL reagents for 10 minutes at 37°C. 100 \i\ of pre-warmed substrate solution was 
then added to the samples and incubated for 7 minutes, and finally 50 |il of sodium 
dodecylsulfate (SDS) solution (lOg/100 ml in pyrogen-free water) was added to stop 
the reaction. Optical density (OD) was measured at 410 run with an enzyme-linked 
immunosorbent assay (ELISA) microplate reader (Bio-Tek Instruments, Inc., 
Winooski, Vt.). The endotoxin level of dust sample was calculated by referring the 
ODs of the sample with the standard calibration curve [0.1 - 1 Endotoxin Units 
(EU)/ml] and the dilution factor. A standard curve for LAL assay was shown in Fig. 
5.4.1. The sensitivity of the assay was 0.1 EU/ml. The lower detection limit for 
quantitative determination of endotoxin in the sample diluted at 1:50 was thus 5 
EU/ml. Samples with levels below this limit were assigned values at half this lower 
detection limit (i.e. 2.5 EU/ml) for statistical analysis. The results of house dust 
endotoxin were expressed as EU/mg dust (endotoxin concentration) and EU/m^ 
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(endotoxin load). 
Standard curve of endotoxin LAL assay 
1.2 「...... ‘ - 1 




1 0.4 - Z -
,,....： 0 1 1 1 1 1 1 
0 0.2 0.4 0.6 0.8 1 1.2 
Endotoxin concentration EU/ml 
Fig 5.4.1: Standard curve = 0.994) for the endotoxin LAL assay. Absorbance at 410 nm was plotted 
against endotoxin concentration (EU/ml). The working range of the endotoxin standard was 0 . 1 - 1 
EU/ml. 
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5,5 Allergen measurement 
The concentration of house dust mite allergen Der p 1 was measured by ELISA 
using monoclonal antibody. The working procedures and chemical reagents followed 
manufacturer's instructions (Indoor Biotechnologies Ltd, Cardiff, UK). Polystyrene 
microliter plate (NUNC, Roskilde, Denmark) was coated with 100 [d per well of 
diluted anti-Der p 1 antibody (5H8) in 50 mM carbonate-bicarbonate buffer (pH 9.6) 
overnight at 4°C. The plate was washed with washing buffer (PBS-0.05% Tween 20, 
pH7.4) three times with 200 \i\ per well. Non-specific binding sites were blocked by 
incubating 100 pi per well of washing buffer with 1% bovine serum albumin (BSA) 
for 30 minutes at room temperature. After washing 3 times, 100 of samples, blank 
and standard were added into each well and incubated for 1 hour at room temperature. 
This was followed by washing steps and incubated with 100 |il per well of 
biotinylated secondary antibody (4C1) at 1:1000 dilution in PBS-Tween 20 solution 
containing 1% BSA for 1 hour. The plate was then washed and incubated with 100|il 
per well of streptavidin perioxidase (Sigma, St. Louis, USA) at dilution 1:1000 in 
PBS-Tween 20 solution with 1% BSA for 30 minutes. After washing, 100 |il 
substrate solution (1 mM ABTS in 70 mM citrate phosphate buffer, pH 4.2 
containing 30% H2O2 at 1:1000 dilution) was added into each well for color 
development. When OD at 405 run reached 2.0-2.4, absorbance was measured by 
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microplate reader (Bio-Tek Instruments, Inc., Winooski, Vt.). Allergen concentration 
was calculated according to standard curve (Fig. 5.5.1). 
Standard Curve of Der p I ELISA assay 
3 „,.,.,„, ,„, —— —.—, _—— 
I 2 
I 1.5 - y 
I 1 - / I 
I X 
0.5 _ 
Q __ r I I I I I i 
0 0.5 1 1.5 2 2.5 3 
Log [Der p 1 concentration (ng/ml)] 
Fig 5.5.1: Standard curve (r^ = 0.996) for the Der p 1 ELISA assay. Absorbance at 405 nm was plotted 
against Log-transformed Der p 1 concentration (ng/ml). The working range of the allergen standard 
was 1.3 - 2 5 0 ng/ml. 
Dust sample with Der p 1 concentration outside the range of this standard curve 
was diluted 3-fold and this assay was then repeated. Inter- and intra-assay 
coefficients of variation (CVs) of the ELISA assays were determined from results of 
three independent dust samples (Table 5.5.2). The sensitivity for our Der p 1 assay 
was 1.6 ng/ml. The result of dust mite allergen was expressed both as jig/g dust and 
ng/W. 
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Table 5.5.2 The inter- and intra-assay CVs of the Der p 1 ELISA assay 









5.6 Statistical analysis 
Since Der p 1 and endotoxin concentrations and endotoxin load did not follow 
normal distribution, these values were reported as median and interquartile range 
(IQR). Non-parametric Mann-Whitney test was used to compare the endotoxin and 
Der p 1 levels in dust samples from different locations in the home. On the other 
hand, indoor NO2 concentrations in kitchen and bedroom were normally distributed, 
and thus reported as mean and standard deviations. The respective results were 
compared by Student t test. 
Endotoxin and Der p 1 levels were log-transformed before analysis for any 
association with possible domestic features. For questionnaire items with 
dichotomous variables (i.e. yes-no) on housing characteristics or cleaning practices, 
Student's t test was performed to compare differences in endotoxin, Der p 1 and NO2 
levels between the two groups. Numerical variables such as household size, 
temperature, humidity, age of mattress covering, living room floor and bedroom floor 
were log-transformed if appropriate, and their relationship with endotoxin, Der p 1 
and NO2 levels were analyzed by Pearson correlation. Housing features and cleaning 
practices which showed significant associations (p < 0.05) with endotoxin, Der p 1 
and NO2 results were further analyzed by multivariate linear regression model to 
examine for any independent effects, adjusting for relevant housing and cleaning 
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factors as covariates. 
In the analysis of environmental factors for respiratory health, variables with 
non-normal distribution (e.g. eNO，endotoxin and Der p 1 levels) were 
log-transformed before analysis. The association between the severities of respiratory 
symptoms as revealed by questionnaire items on wheeze, number of acute attacks 
and night awakening and indoor endotoxin, Der p 1 and NO2 were analyzed by 
Student t test or ANOVA. Logistic regression analysis was used to examine the 
independent associations between indoor factors and clinical symptoms, adjusted for 
covariates such as inhaled corticosteroid treatment. Pearson correlation coefficient 
was performed to delineate any relationship between eNO, FEVi and PEF and house 
dust endotoxin, Der p 1 and NO2 levels (when treated as continuous variables). 
Lastly, indoor endotoxin, Der p 1 and NO2 levels were dichotomized into high and 
low exposures by the respective median values. The differences of eNO level, FEVi 
and PEFR between these exposure groups were analyzed by Student t test. 
Multivariate logistic regression model were further used to assess for independent 
association between these clinical and environmental variables. The level of 
significance for the above analysis was set at 5%, and all statistical analyses were 
performed using Statistical Package for Social Sciences version 13,0 (SPSS Inc, 
Chicago, III, US). 
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5J Results 
5,7.1 Demographic data and subjects characteristics 
A total of 117 asthmatic children with a wide spectrum of asthma severity were 
recruited for this study. Parents of two children withdrew their consent for home 
visits, and they were excluded from analyses. The remaining 115 subjects completed 
the ISAAC questionnaires and home visits. The mean (SD) age of these asthmatic 
children were 12.4 (3.2) years. Their demographic and clinical features were 
summarized in Table 5.7.1.1. 
Among these participants, there were more boys (n=68; 59.1%) than girls and 
over 90% of them were bom in Hong Kong. The majority of these families had 
household income below HK$ 20000, and the median family size was 4 residents. 66 
(57.7%) children reported the presence of current wheezing symptom by the 
questionnaire, but only 40% of the patients received inhaled corticosteroid treatment. 
The median (IQR) of eNO levels and percentage of predicted FEVi in our patients 
was 50.5 (26.0 - 91.7) ppb and 92 (80.0 - 99.0) %, respectively. 
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Table 5.7.1.1: Subjects characteristics and clinical features of 115 asthmatic children 
Demographic data 
Age of subjects (mean 士 SD) 12.4 ± 3 . 2 
Male, % 59.1 
Number of residents in the home, n 4.2 士 1.0 
Household income (HK$), % 
<$10000 23.7 
$10000 - $20000 40.4 
$20000 - $30000 13.2 
>$30000 22.8 
Bom in Hong Kong, % 93.9 
Housing type, % 
Privately owned apartment 36.5 
Public housing apartment 33.9 
Public rental housing apartment 15.7 
Small house 11.3 
Clinical features of the subjects 
Current wheeze, % 57.7 
Number of wheezing attack in past 12 months, % (n) * 
1 to 2 63.5 (40) 
4 to 12 30.2(19) 
>12 6.3 (4) 
Night awakeness due to wheezing, % (n) * 
No 43.1 (28) 
< 1 per week 47.7 (31) 
> 1 per week 9.2 (6) 
Severe wheezing in the past 12 months, % (n) * 4.6 (3) 
Exercise induced wheeze % (n) 38.6 (44) 
Nocturnal cough without infection in the past 12 months, % (n) 52.2 (60) 
Corticosteroid medication, % 43.5 
FEV,,in % predicted value 卞 92 (80.0 - 99.0) 
Forced vital capacity in % predicted 卞 99 (94.0 - 106.0) 
Peak expiratory flow in L/min 卞 259 (197.0 - 350.0) 
Exhaled NO in ppb,卞 50.5 (26.0 -91 .7) 
FEVl/FVC in% 卞 85 (76.0 — 89.0) 
卞 Values were expressed as median (inter-quartile range) 
� * Percentages were calculated from the number of patients who responded having current wheeze 
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The housing characteristics of recruited families were summarized in Table 
5.7.1.2. The average indoor temperature and relative humidity at the time of home 
visits were 24.1°C and 66.1%, respectively. Over 90% of subjects lived in apartments, 
which were privately owned, public or rental housing. Only a small proportion of 
families kept cats (3.5%) and dogs (7%). The presence of moulds and damp spots on 
the wall or ceiling of the apartments were commonly reported (50.4%). Town gas 
was used for cooking in nearly all families. Of note, about one-quarter of the families 
quitted or reduced smoking because their children suffered from asthma and allergy. 
However, 30% of the patients were still living with smokers at home. 
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Table 5.7.1.2: Housing characteristics of the asthmatic subjects 






Pet keeping, % 
Dog 7 
Cat 3.5 
Bird ” 4.3 
Current smoker at home, % 33.1 
Damp spots, visible moulds or fugus in the house in the past 12 months, % 50.4 
Type of cooking fuel, % 
Gas 99.1 
Electricity 8.7 









Age of mattress covering in yr (mean 士 SD) 2.9 ± 2.3 
Age of bedroom floor in yr (mean ± SD) 9.1 士 6.0 
Age of living room floor in yr (mean 土 SD) 9.3 士 6.3 
Bedroom size in m^ (mean 土 SD) 5.4 ± 1.9 
Living room size in m^ (mean 士 SD) 12.8 士 4.6 
Household size in m^ (mean ± SD) 55.2 士 24.5 
Change in the home because of asthma and allergy problems, % 
Removal of pet 7.0 
Reduced or stopped smoking 24.3 
Change of bedding 29.6 
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Table 5.7.1.2 (Continued) 
Average time opening window or doors per day, hr 
<1 hr 0.9 
1-3 hr 11.3 
4-12hr 27.8 
> 12 hr 59.1 
Cleaning practice, % 
Sweeping and/or mopping 87.0 
Vacuum cleaning 47.0 
Cleaned by cloth 27.8 
Bedroom floor cleaning frequency per week, % "... 
/ - 2 times 28.1 
2 - 5 times 24.6 
> 5 times 46.5 
Living room floor cleaning frequency per week, % 
1-2 times 23.5 
3-5 times 24.3 
> 5 times 51.3 
Frequency to change mattress cover per month, % 
1 - 2 times 56.1 
3 - 5 times 37.7 
> 5 times 5.3 
81 
5.7,2 Dust weight， endotoxin and allergen levels and their 
determinants in household 
A total of 324 dust samples were collected during the home visits. The levels of 
dust weight, allergen and endotoxin in distinct locations were shown in Table 5.7.2.1. 
Table:5.7.2.1: Median and distribution of dust weight, endotoxin and allergens in different 
locations of households 
Median Interquartile range. 5th percentile 95th percentile 
Endotoxin concentration (EU/mg) 
Living room 22.2 14.8 -36 .9 7.0 105 
Bedroom 24.2 12 .4 -42 .8 3.5 104 
Mattress 12.4 6 . 4 - 19.5 1.2 41.7 
Endotoxin load (EUW) 
Living room 248 1 7 0 - 6 0 6 55.6 2506 
Bedroom 573 259 - 1344 38.0 3029 
Mattress 497 281 - 9 1 6 155 2492 
Der p 1 concentration (fig/g) 
Living room 0.31 0.19 -0 .58 0.08 1.47 
Bedroom 0.39 0.25 -0 .91 0.08 2.20 
Mattress 0.61 0.24 - 2.46 0.09 14.6 
Der p 1 load (ng/m )^ 
Living room 3.3 2 . 0 - 7 . 1 1.3 44.4 
Bedroom 4.6 2.1 - 12.0 0.8 92.2 
Mattress 5.5 1.5 - 4 9 . 6 1.1 371 
Dust weight (mg) 
Living room 28.8 20.1 - 4 6 . 0 9.1 89.0 
Bedroom 23.6 1 4 . 6 - 4 4 . 0 4.3 138 
Mattress ‘ 39.2 2 4 . 6 - 6 5 . 9 14.9 120 
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The weight of dust samples collected from mattresses (median [IQR]: 39.2 mg 
[23.6 - 65.9]) was significantly higher than those collected from the other two sites 
(p < 0.05). Overall, endotoxin was detectable in 98.8% of dust samples. Endotoxin 
concentrations in dust samples from bedroom floor and living room floor were 
significantly higher than those from mattress (p < 0.05). Interestingly, the distribution 
of endotoxin load in the three locations did not follow this order. Endotoxin load of 
living room floor was lower than those from mattress and bedroom floor (p < 0.05). 
Sixty-three percent of dust samples had detectable Der p 1 level. Allergen 
concentration (|xg/g) in mattress was significantly higher than those of living room 
and bedroom floors (p < 0.05). Similarly, we observed a trend for Der p 1 load 
(ng/m ) in mattress to be higher than those in the other two areas. More important, 
Der p 1 levels were greater than 2 |ig/g in mattresses from about one-third of the 
subjects (Table 5.7.2.2), and this cut-off was considered to be the threshold for the 
development of dust mite sensitization (Platts-Mills TA et al. 1992). Only a small 
proportion of dust specimens from living room and bedroom floors contained > 2 
|j.g/g of Der p 1. 
Table 5.7.2.2: Number and percentage of different locations of households with Der p 1 
concentration above the sensitization threshold 
Living room Bedroom Mattress 
Der p 1 > 2 \Lg/g dust 2 (1.7) 7 (6 .1 ) 33(28 .7) 
Data expressed as number (%)• 
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Home determinants affectins endotoxin levels 
To identify the determinants for house dust endotoxin, the relationship between 
endotoxin levels and different home characteristics and cleaning practices were 
analyzed (Table 5.7.2.3a). The use of vacuum cleaner at home was significantly 
associated with lower endotoxin levels (i.e. both concentration and load) in living 
room and bedroom floors, but not on mattress. However, such effect was not 
observed with the use of mopping and sweeping. There was no significant difference 
in endotoxin levels between homes with and without pets, cats or dogs. Endotoxin 
levels did not differ significantly between homes with and without damp spots and 
visible moulds on the wall or ceiling. 
Table 5.7.2.3b showed the differences in endotoxin levels from specific sites in 
relation to housing practices. The use of foam pillow or feather pillow, more frequent 
changing of bedding and cleaning of living room floor did not affect endotoxin levels 
in mattress or living room floor. Nevertheless, endotoxin load was significantly lower 
in bedroom floor which was cleaned more than five times per week when compared 
with those cleaned less than five times per week (p 二 0.014; 331 EU/m^ versus 661 
EU/m^). Intriguingly, the use of feather quilt significantly increased endotoxin levels 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Correlation of endotoxin with housing features 
Table 5.7.2.4 illustrates a correlation matrix of endotoxin with humidity, 
temperature and age of corresponding dust collection surfaces. Mattress endotoxin 
concentration and load were negatively correlated with bedroom temperature (p = 
0.009，r = -0.24 and p = 0.040，r = -0.19，respectively), but not bedroom humidity or 
age of mattress covering. Both temperature and humidity were not related to 
endotoxin levels in the living room and bedroom, floors. Importantly, we 
demonstrated a modest correlation between bedroom room endotoxin load and floor 
age (p = 0.018, r = 0.22). Similarly, living room endotoxin load showed significant 
correlation with age of living room floor (p = 0.001, r = 0.30). 
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Table 5.7.2.4: Pearson correlations between endotoxin and housing features* 
Locations of household Correlation coefficient p-value 
Mattress 
Bedroom temperature Endotoxin concentration -0.24 0.009^ 
Endotoxin load -0.19 0.040^ 
Bedroom humidity Endotoxin concentration -0.18 0.054 
Endotoxin load -1.33 0.160 
Age of mattress covering Endotoxin concentration 0.06 0.545 
Endotoxin load 一 0.18 0.057 
Bedroom 
Bedroom temperature Endotoxin concentration -0.01 0.935 
Endotoxin load -0.02 0.866 
Bedroom humidity Endotoxin concentration -0.08 0.404 
Endotoxin load -0.15 0.105 
Age of bedroom floor Endotoxin concentration 0.14 0.153 
Endotoxin load 0.22 0.018"\ 
Livins room 
living room temperature Endotoxin concentration 0.07 0.459 
Endotoxin load 0.11 0.228 
Living room humidity Endotoxin concentration -0.04 0.711 
Endotoxin load 0.002 0.981 
Age of living room floor Endotoxin concentration 0.09 0.326 
Endotoxin load 0.30 0.001、 
* Values of endotoxin, humidity, age of mattress covering, bedroom and living room floor were 
log-transformed. 
t p S 0 . 0 5 
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Linear resression analysis for determinants of house dust endotoxin 
Univariate and multivariate regression analyses were performed to further 
explore the indoor factors that were independently associated with house dust 
endotoxin in different household locations (Table 5.7.2.5). 
By univariate analysis, bedroom temperature and the use of feather quilt were 
negatively associated with mattress endotoxin load and concentration. However, 
temperature and feather quilt remained significant only in the multivariate model for 
endotoxin load and endotoxin concentration, respectively. 
Both vacuum cleaning and feather quilt were significant determinants for 
endotoxin load and concentration in bedroom floor. The age of bedroom floor and 
frequency of cleaning were associated with bedroom floor endotoxin load but not 
concentration. Nevertheless, multivariate model showed that only the use of vacuum 
cleaning was significantly associated with bedroom endotoxin level. Besides, age of 
bedroom floor was an independent determinant for endotoxin load in bedroom (p = 
0.048). 
In univariate models, the use of vacuum cleaner and age of living room floor 
were predictors for endotoxin level in living room. Following multivariate analysis, 
however, the age of living room floor was the only significant predictor of endotoxin 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Home determinants and correlation of housing characteristics with Per p 1 
concentration 
The relationships between Der p 1 levels and different housing features and 
cleaning practices were examined. The use of feather pillow, vacuum cleaning, 
sweeping or mopping as well as the presence of damp spots and visible moulds did 
not significantly affect house dust Der p 1 levels. Der p 1 concentration was also not 
influenced by the use of frequency of cleaning floor or changing bedding (Table 
5.7.2.6). Nevertheless, mattress allergen concentrations were significantly higher 
with the use of foam pillows (p = 0.050; 1.20 |ig/g versus 0.65 |ig/g). Pearson 
correlation did not reveal any significant relationship between house dust Der p 1 
concentrations and the temperature, humidity and the age of house dust collection 
surface. 
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Table 5.7.2.6: Associations between housing characteristics and cleaning practices and Der p 1 
levels 
Log [Der p 1 concentration]* 
Environmental 
Number Living room Bedroom Mattress 
determinants 
Frequency of changing 107 <5 per month --- — -0.11 
bedding 6 >5 per month —— --- -0.43 
p-value --- --- 0.248 
Use of foam pillow 36 yes --- --- 0.08 
79 no ‘ — ™ -0.19 
p-value --- — 0.05(}\ 
Frequency of cleaning 60 < 5 per week --- -0.31 ---
bedroom 53 >5 per week --- -0.36 ---
p-value --- 0.579 ---
Frequency of cleaning 55 <5 per week -0.46 --- ---
living room 59 >5 per week -0.50 --- ---
p-value 0.586 --- ---
* Values of log [Der p 1 (|xg/g)] are reported as mean. The analysis was performed by Student t test. 
t p < 0 . 0 5 
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Linear regression analysis for house dust Der p 1 levels 
Linear regression models were performed to evaluate the association between 
foam pillows and mattress Der p 1 levels (Table 5.7.2.7). In univariate analysis, the 
use of pillows other than foam was significantly associated with lower Der p 1 
concentration (p = 0.050)，but not for the age of mattress covering or frequency of 
changing bedding. In the multivariate model, the effect of foam pillows on Der p 1 
levels remained the same (p = 0.051). Therefore, the use of foam pillows 
independently varied with Der p 1 concentration in mattress. 
Table 5.7.2.7: Linear regression analysis for the associations between Der p 1 levels and home 
environmental factors 卞 
Univariate model Multivariate model* 
Standard Standard 
Home environmental factors B p-value B p-value 
error error 
Frequency of changing bedding >5 
-0.33 0.28 0.248 -0.34 0.30 0.272 
times versus < 5 times per month 
Use of foam pillow (No versus Yes) -0.27 0.14 0.050\ -0.27 0.13 0.051 
Age of mattress covering (yrs)卞 0.20 0.19 0.301 0.17 0.19 0.374 
* Analyzed by multivariate linear regression, adjusted for the variables listed in the table. 
卞 Der p 1 concentration (|ig/g) and age of mattress covering (yrs) were log-transformed. 
J p <0 .05 
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5.7. J Indoor NO2 levels and its determinants in household 
Indoor NO2 data was available in 110 subjects. Table 5.7.3.1 shows the 
distribution of NO2 concentrations in different household locations. 
Table:5.7.3.1: Distribution of NO2 concentration (ppb) in different household locations 
Mean 土 SD 5th percentile 95th percentile Samples with NO2 level >21 ppb (%) 
Kitchen 27.1 士 10.4 7.9 46.5 78.2 
Bedroom 19.8 ± 8.2 5.4 33.8 40.0 
SD= Standard deviation. 
It was found that NO2 concentration of kitchen was significantly higher than 
bedroom (p < 0.05). Besides, a large proportion of air samples, especially from 
kitchen (78.2%), exceeded the annual NO2 exposure level (21 ppb) as recommended 
by World Health Organization. Of note, all subjects with available NO2 data used gas 
cooking in their homes. 
Home determinants and correlation of housim characteristics with NO7 level 
In this study, neither NO2 in kitchen nor bedroom was significantly correlated 
with size of apartment or bedroom, or with the use of gas stoves during the sampling 
time. In addition, the presence of smokers, seasons for air sampling and the duration 
of opening windows or doors did not significantly alter NO2 levels in both locations 
of home. 
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5.7,4 Associations between indoor environmental factors and 
respiratory health 
5.7,4.1 Clinical symptoms 
Subjects' clinical symptoms were referred to as self-reported asthma symptoms 
as recorded in the core module of ISAAC questionnaire. Endotoxin, Der p 1 and 
NO2 levels were compared between subgroups with and without current asthma 
symptoms (i.e. wheeze, nocturnal cough and exercise-induced wheeze). No 
significant difference was found in the levels of indoor factors between these groups. 
Der p 1 concentration was significantly higher among patients with acute 
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Fig. 5.7.4.1 Log-transformed bedroom Der p 1 level (mean 土 2 SEM) which was stratified by number 
� o f acute wheezing attacks in the past 12 months. P-values were calculated by Student t test. 
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Der p 1 concentration in the bedroom floor increased with the number of acute 
wheezing episodes in a dose-response manner. Bedroom Der p 1 exposure in 
subjects with 4 - 1 2 acute attacks was significantly higher than those with 1 — 3 
attacks or without any exacerbation (p = 0.027 and 0.030; Der p 1 levels, 0.72 jig/g 
versus 0.36 versus 0.40 |xg/g，respectively). There was no significant difference 
between NO2 or endotoxin level among these subgroups by acute wheezing. 
Furthermore, Der p 1 exposure increased with the numbers of night awakening 
per week in the subjects (Fig.5.7.4.2, Fig.5.7.4.3 and Fig. 5.7.4.4). 
iOO-
P < 0,001 
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Fig. 5.7.4.2 Log-transformed bedroom Der p 1 level (mean 土 2 SEM) which was stratified by number 
of night awakeness in the past 12 months. P-values were calculated by Student t test. 
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Fig. 5.7.4.3 Log-transformed mattress Der p 1 level (mean 土 2 SEM) which was stratified by number 
of night awakeness in the past 12 months. P-value was calculated by Student t test. 
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Fig. 5.7.4.4 Log-transformed living room Der p 1 level (mean 士 2 SEM) which was stratified by 
� number of night awakeness in the past 12 months. P-value was calculated by Student t test. 
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Der p 1 levels in all three indoor areas increased with the frequency of night 
awakening. Der p 1 levels in bedroom floor were significantly higher in subjects 
with > 1 night of awakening per week than those with less or no sleep disturbance (p 
=0.022 and p < 0.001; 1.69 |ig/g versus 0.52 jj.g/g and 1.69 |ag/g versus 0.36 |ag/g). 
In addition, children exposed to significantly higher mattress Der p 1 levels had 
more night awakening per week, when compared to those without night awakening 
(p = 0.049; 2.34 p-g/g versus 0.65 |ig/g). Similar trend was also observed for living 
room data, although it did not reach statistical significance (p = 0.056; 0.63 |ig/g 
versus 0.31 |ig/g). No difference was found in endotoxin or NO2 levels among 
different subgroups by of night awakening. 
Logistic regression model was used to investigate the independent relationship 
between Der p 1 and clinical symptoms (Table 5.7.4.5 and 5.7.4.6) 
Table 5.7.4.5: Logistic regression analysis for the associations between Der p 1 concentration 
(Hg/g) and number of acute attack in past 12 months (4 to more than 12 attacks Vs 
0 - 3 attacks) 
Multivariate model J 
Risk factor Odds Ratio 95%CI p-value 
Der p 1 concentration (|ig/g) in bedroom 5.51 1.63 - 18.59 0.006 
* Value of Der p 1 was log-transformed before regression analysis. 
J Multivariate model was adjusted for age, sex, inhaled corticosteroid mediation. 
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Table 5.7.4.6: Logistic regression analysis for the associations between Der p 1 concentration 
(^g/g) and the night awakeness per week in past 12 months (Presence Vs Absent) 
Multivariate model J 
Risk factor Odds Ratio 95%CI p-value 
Der p 1 concentration (|ig/g) in bedroom 3.57 1.33-9.64 0.012 
* Value of Der p 1 was log-transformed before regression analysis. 
t Multivariate model was adjusted for age, sex, inhaled corticosteroid mediation. 
In the multivariate model corrected for age, sex and inhaled corticosteroid usage, 
the increase of Der p 1 level in bedroom significantly augmented the risk of having 
night awakeness (OR 3.57; 95% CI 1.33-9.64，p = 0.012) and more acute attacks in 
the past 12 months in the patients (OR 5.51; 95% CI 1.63-18.59, p = 0.006). These 
findings strongly suggested house dust mite allergen exposure as a critical factor for 
respiratory symptoms in asthmatic children. 
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5.7,4.2 Exhaled NO levels 
The correlations between eNO levels and various indoor environmental factors 
were shown in Table 5.7.4.7. 
Table: 5.7.4.7 Correlation of endotoxin, Der p 1 and indoor NO： with eNO level (ppb) 
Correlation coefficient p-value 
Mattress 
Endotoxin concentration (EU/mg) -0.04 0.686 
Endotoxin load (EU/m^) 0.02 0.816 
Der p 1 (ng/g) 0.24 0.0m 
Bedroom 
Endotoxin concentration (EU/mg) 0.01 0.932 
Endotoxin load (EU/m2) 0.02 0.800 
Der p 1 (ng/g) 0.11 0.237 
NO2 (ppb) 0.09 0.381 
Living room 
Endotoxin concentration (EU/mg) 0.08 0.432 
Endotoxin load (EU/m2) 0.10 0.278 
Der p 1 (|ig/g) 0.25 0.007、 
Kitchen 
N02(ppb) 0.02 0.842 
* Pearson correlation for comparing the log-transformed values of endotoxin, Der p 1, NO2 and eNO. 
t p S 0 . 0 5 
From the table, eNO levels were not associated with endotoxin and NO2 levels. 
On the other hand, eNO levels were positively correlated with Der p 1 levels in 
mattress and living room (p = 0.010 and 0.007, respectively). 
101 
Besides, various indoor features were dichotomized at respective median values 
to analyze for any difference in eNO levels between high and low exposure 
subgroups. Only subjects with high Der p 1 exposure in living room (but not 
mattress) had higher eNO levels when compared with those with low Der p 1 




Linear regression was used to examine any independent association between 
eNO levels and Der p 1 (Table 5.7.4.8). 
Table 5.7.4.8: Regression analysis for the associations between eNO and Der p 1 concentrations 
Wg)* 
Univariate Multivariate 
Risk factor model model J 
Odd Ratio Standard error p-value Odd Ratio Standard error p-value 
Mattress Der p 1 t 0.13 0.05 0.01 — ™ — 
Living room Der p 1 0.24 0.09 0.007 0.25 0.08 0.004 
*Values of eNO and Der p 1 were log-transformed in the regression analysis. 
t Mattress Der p 1 was not significant in stepwise linear regression and was excluded from the multivariate analysis. 
} Multivariate model was adjusted for age, sex, inhaled corticosteroid mediation and family income. 
By univariate analysis, both Der p 1 levels in mattress and living room were 
significantly associated with eNO levels. However, only living room Der p 1 levels 
remained to be a significant factor for eNO levels in multivariate analysis, after 
adjusted for age, sex, inhaled corticosteroid use and family income. 
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5.7,4.3 Spirometric indices 
No significant correlation was found between the indoor factors and FEVi or 
PER Indoor factors were then dichotomized by respective median values into high 
and low exposure groups. PEF was significantly lower in those with high exposure 
to mattress endotoxin load when compared with those with low exposure (p = 0.031; 
i 
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Fig. 5.7.4.9 Peak expiratory flow (mean 土 2 SEM) which was stratified by mattress endotoxin load 
(EU/m^) under high and low exposure group. P-value was calculated by Student t test. 
In regression analysis, higher mattress endotoxin load was significantly 
associated with lower PEF (Table: 5.7.4.10). This finding suggested mattress 
1 0 3 
endotoxin to be an independent factor for PEF. 
Table 5.7.4.10: Regression analysis for the associations between peak expiratory flow (% 
predicted) and mattress endotoxin load (EU/m )^ 
Risk factor Univariate Multivariate f 
Odd Ratio Standard error p-value Odd Ratio Standard error p-value 
Mattress endotoxin 
(High vs Low) -7.9 3.6 0.031 -6.7 3.3 0.046 
* Values of mattress endotoxin load was dichotomized into high and low level by median. t 
卞 Multivariate model was adjusted for age, sex, inhaled corticosteroid mediation and family income. 
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Section III: Study Core 
Chanter Methodology in genotyping CD14 
尸 ] polymorphisms and its result 
6.1 Study population 
Asthmatic children ( 5 - 1 8 years old), who had been followed in the paediatric 
( 
clinic of Prince of Wales Hospital, our university-affiliated teaching hospital, were j 
i 
( 
recruited for this study. In this part, 56 asthmatics had participated in the indoor 
environmental investigation. Asthma was diagnosed according to ATS guideline. On 
the other hand, age- and sex-matched controls without history of allergic and 
immunologic disorder were enrolled among children attending our Hospital. Control 
subjects with possible allergic diseases were screened out using a standardized 
questionnaire. All subjects were free from self-reported infection symptoms for four 
weeks before the study. Peripheral blood samples of the subjects were collected after 
informed written consent. This study was approved by the Clinical Research Ethics 
Committee of our University. 
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6.2 Plasma Total and specific IgE measurement 
Plasma total IgE level of the subjects was measured by micro-particle 
immunoassay (IMx analyzer, Abbott Laboratories, Abbott Park, IL, USA). 
Concentrations of specific IgE to D. pteronyssinus, cat and cockroaches were 
determined by fluorescent enzyme immunoassay (AutoCAP system, Pharmacia 
Diagnostics AB, Uppsala, Sweden). Specific IgE was graded into 
radioallergosorbent test classes 1 to 6 according to manufacturer's instructions. 
Plasma total IgE levels were compared with age-specific reference values (Leung TF 
et al. 2005). Specific IgE concentration > 0.35 klU/L was defined as positive. Atopy 
was defined as the presence of at least one type of allergen-specific IgE. 
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6.3 CD14 genotyping 
6.3.1 Genotyping promoter SNPs ofCD14/-159 and -1359 
Genomic DNA was extracted from whole blood of the subjects by commercial 
DNA extract kit (DNeasy blood & tissue kit, Qiagen, Valencia, US). The promoter 
polymorphisms of CD 14 at position -159 and -1359 were genotyped by 
polymorphism chain reaction (PCR) and restriction fragment length polymorphism 
(RFLP). 
Genomic DNA was first amplified by thermal cycler (MJ Research Inc, 
Massachusetts, US). The primers for amplifying promoter region of CD7^/C-159T 
had been described previously (Leung TF et al. 2003, Baldini M et al. 1999): 
5’-GCC TCT GAC AGT TTA TGT AAT C-3' and 5'-GTG CCA ACA GAT GAG 
GTT CAC-3，. During PCR, samples were denatured at 95°C for 10 min, followed by 
30 cycles of 95°C for 1 min, 63 °C annealing temperature for 45s, and 72 °C for 45s, 
with a final extension time 72�C for 10 min. The 497-base pairs (bp) PCR fragment 
was then digested with 5 units of Avail (New England Biolabs, Hitchin, Herts, UK) 
overnight at 37 Digested products were visualized on a 3% (w/v) agarose gel. 
The T allele carrier was revealed by the presence of 144- and 353-bp fragment. 
Similar method was applied to CZ)74/G-1359T genotyping. The primers for 
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amplifying CD14IG-U591： promoter region were: 5’-GAG GTC AGG AGT GCC 
TGG TCA A-3，and 5'-CCT AGA CCT CTG GGG AAA GAA CT-3’. The annealing 
temperature for the primer was 68 The amplified segment was 262-bp, which 
was subsequently digested by 3 units of Fok I (New England Biolabs, Hitchin, Herts, 
UK) overnight at 37 Digested products were resolved on a 3% (w/v) agarose gel 
electrophoresis. In the presence of T allele, Fokl would cut the amplified product, 
resulting 163- and 99-bp fragments on the agarose gel. Fig. 6.3.1.1 and 6.3.1.2 
showed the gel photos for RFLP of CD 14/-159 and -1359, respectively. 
600 bp marker 300 bp 舰 
/ / 100 bp marker 
麵 麵 一 一 497 bp 
— 一 — 3 5 3 bp 
辨 稀 雄 ： 嚇 淋 1 4 4 b p 
CC TT CT 
Fig. 6.3.1.1: Gel photo of the RFLP of CD 14/-159 SNP showing DNA samples with three genotypes: 
CC, CTandTT. 
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GG GT TT-- - , , 
300 bp marker 
3： •^；. ： • . \ •: , 
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99 bp —— ^ 
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Fig. 6.3.1.2: Gel photo of the RFLP of CD/4/-1359 SNP showing DNA samples with three genotypes: 
G Q GT and TT. 
6,3,2 Genotyping promoter SNP ofCD14/-1619 
Genotyping of CD14/A-1619G was performed using the technique of single 
amplification refractory mutation system (SARMS). Two allele specific primers 
were used for genotyping each allele in the SNP (Table 6.3.2.1)，which had been 
published in a previous study (LeVan TD et al. 2005). In this case, only DNA sample 
with the matched specific allele could be successfully amplified (376bp) by PGR. 
Table 6.3.2.1: Allele-specific PGR for CD14/A-1619 genotyping 
Allele specific forward primer Universal reverse primer 
A allele 5’-GAA CAA AAC TCC GTC 5'-CTA GAC CTC TGG GGA 
TCA AAT AAA TAA ATA AAT A-3’ AAG AAC TAT ATG AAA-3' 
G allele 5，- GAA CAA AAC TCC GTC 5,-CTA GAC CTC TGG GGA 
TCA AAT AAA TAA ATA AAT G-3 ’ AAG AAC TAT ATG AAA-3' 
« 
Cycling condition: 95 °C for 10 min, 30 cycles of 95°C for 1 min, 61 °C annealing temperature for 
45s, 72 °C for 45s, and a final extensional time 72 °C for 10 min. 
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An internal control was used to amplify CD 14 promoter region (711 bp) that 
comprised the SNP. The forward primer was 5'-TTC TTG TTT GGA TTG GGG 
ACA AAT CTG CAG-3，and the reverse primer was 5’-CTA GAC CTC TGG GGA 
AAG AAC TAT ATG AAA-3'. Two separated reactions (i.e. A specific and 
G-specific) including the control were performed for each DNA sample. PGR 
products were resolved on a 3% (w/v) agarose gel electrophoresis. DNA sample 
with the specific allele was detected by the presence of allele-specific DNA 
fragment (376bp) on the gel. Gel photos for genotyping of CD14/-1619 was shown 
in Fig. 6.3.2.2. 
DNA Sample 1 d NA Sample 2 DNA sample 3 
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Fig. 6.3.2.2:'Gel photo for genotyping CD14l-\6\9 SNP. Genotypes of DNA sample 1，2 and 3 are 
GG, AG and AA, respectively 
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6J.3 Validation of genotyping by sequencing 
In each set of PGR, DNA samples with known genotypes were included as 
controls. In order to confirm the results of RFLP and allele-specific PGR assays, 40 
random DNA samples were selected for direct sequencing of CD 14 promoter region 
using BigDye Terminator Cycle sequencing kits with an ABI-310 autosequencer 
(Applied Biosystems, Foster City, CA, USA). 
1 
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6,4 Statistical Analysis 
Non-normally distributed data such as plasma total IgE levels was logarithmic 
transformed before analysis. Clinical features, atopic state, total IgE level and 
allergen sensitization between different groups were compared by Student t test or 
ANOVA for continuous variables, and x^ or Fisher Exact test for categorical data. 
Hardy-Weinberg equilibrium for the three CD 14 polymorphisms in each group was 
evaluated by the exact test. Haplotypes frequencies for CDl4 C-159T, G-1359T and 
A-1619G were determined by using Expectation-Maximisation algorithm 
(Rockefeller University, New York, NY). 
Multivariate regression model was performed to assess the associations between 
individual SNP or haplotypes of CD 14 with asthma and atopy phenotypes. Logistic 
regression analysis was performed for dichotomized phenotypes, while linear 
regression was used for the quantitative traits. Both recessive and co-dominant 
models were fitted for each outcome, adjusted for age and gender as covariates. All 
comparisons were made two-tailed. The level of significance was set at 5 %. 
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6.5 Results 
6.5.1 Subjects characteristics and clinical features 
A total of 296 asthmatics and 179 controls were recruited. The mean (SD) age of 
these subjects were 11.1 (3.8) years and 11.6 (4.0) years, respectively (p = 0.215). 
Male subjects were present in 65% of asthmatics and 57% of controls. Spirometry 
was successfully performed in 277 patients. The mean (SD) FEVi (% of predicted) 
and FEVi/FVC were 93.1% (20.1) and 78.9% (10.9). 22.3% of patients had FEVi < 
80% of predicted. Table 6.5.1 illustrates their clinical characteristics and laboratory 
features. 
Table 6.5.1.1 Clinical features and atopic status of the subjects 
Characteristics Asthmatics Controls 
Age, Mean (SD) 11.1(3.8) 11.6 (4.0) 
Male gender (%) 191 (65) 102 (57) 
FEVi/FVC in %，Mean (SD) 78.9 (10.9) NA 
Log-transformed plasma total IgE level in kIU/1, Mean (SD) 2.62 (0.6) t 1.80 (0.71) 
Number of subjects with allergen-specific IgE in plasma* 
Dermatophagoides pteronyssinus (%) 262 (90) J 89 (50) 
Cockroaches (%) 89 (30) % 22 (12) 
Cat (%) 51 (17) t 7 ( 4 ) 
Atopy (%)t 265 (91) J 9 1 ( 5 0 ) 
* Samples available for testing in 292 patients and 177 controls, 
t p <0.001 
t Atopy was defined as the presence of at least one specific IgE. 
SD = Standard deviation; N A = Not available. 
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Atopy was commonly found in our population. Prior community-based study in 
Hong Kong revealed that 41% of 10-year-old schoolchildren were atopic as assessed 
by skin prick tests (Wong GW et al. 2002), which might partly explain the high 
prevalence of atopy in our control group (50%). Nevertheless, over 90% of our 
asthmatics were atopic, which was still significantly higher than those in the controls 
(p < 0.001). Among different types of allergens, D. pteronyssinus-s^Qcific IgE was 
detected in most of the patients (90%), and was significantly higher than in the 
controls (p < 0.001). Sensitization to cat and cockroaches in cases were also 
significantly more than in the control group (p < 0.001). These results confirmed 
allergen sensitization to be an important risk factor for asthma in Chinese children. 
6.5.2 Associations between CD 14 SNPs and asthma phenotypes 
Allele frequency of the CD14 SNPs 
The allele frequencies for -159T, -1359T and -1619A in our subjects were 0.441， 
0.289 and 0.461. These SNPs were in tight linkage disequilibrium with each others 
(D' > 0.85). The allele-genotype distribution for the CD 14 polymorphisms followed 
Hardy-Weinberg equilibrium in both patients and controls. Table 6.5.2.1 showed the 
I 
frequency of different CD 14 genotypes in the subjects. 
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Table 6.5.2.1: Frequency of CD14 -159，-1359 and 
-1619 genotypes in our population. 












Asthma traits and CD14 SNPs 
Various asthma and atopic phenotypes were dichotomized, and their associations 
with individual CD 14 SNPs were examined using both multivariate recessive and 
co-dominant models. In the total population, neither CZ)74/C-159T nor A-1619G 
was associated with asthma diagnosis, atopy, elevated plasma total IgE, or the 
presence of D. pteronyssinus-, cat- or cockroach-specific IgE under recessive or 
co-dominant models. However, CZ)7^/G-1359T was found to be associated with 
atopy under the co-dominant model after adjusted for age and sex (Table 6.5.2.2). 
« 
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Table: 6.5.2.2 ： Associations between CD14 G-1359T genotypes and asthma-related 
phenotypes in our population 
C D / 4 G - 1 3 5 9 T P-values* 
Phenotype GG (%) GT (%) TT (%) RM J CDM X 
Asthma diagnosis Asthmatic 50.3 41.2 8.4 0.840 0.921 
Control 50.8 41.3 7.8 
Plasma total IgE Increased level 50.9 41.7 7.4 0.502 0.755 
Normal level 50.8 40.1 9.1 
Atopy Yes 52.8 40.2 7.0 0.065 0.043i 
No 43.4 44.2 12.4 
D. ptewnyssinus IgE Positive 52.4 40.5 7.1 0.098 0.095 
Negative 44.9 43.2 11.9 
Cockroaches IgE Positive 50.5 42.3 8.6 0.653 0.985 
Negative 50.1 41.6 8.3 
Cat IgE Positive 53.4 37.9 8.6 0.904 0.862 
Negative 50.1 41.6 8.3 
J CDM = co-dominant model; RM = recessive model 
* Analysed by logistic regression, adjusted for age and sex. 
t p S 0 . 0 5 
From this table, a larger proportion of subjects with the T allele at CD14/-\359 
were non-atopic. The TT genotype was present in 12.4% of non-atopic subjects but 
only 7.0% of atopic individuals. Similarly, 44.2% of non-atopic subjects had the < 
heterozygous genotype (GT), while this genotype was found in only 40.2% of atopic 
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group. No significant association was found between this polymorphism and asthma 
diagnosis or allergen sensitization. 
The association between CD 14 SNPs and log-transformed total plasma IgE 
concentration was assessed by multivariate linear regression. There was no 
significant association between CD 14 SNPs and total IgE in the total population. 
However, when the population was stratified by atopic status, CD74/C-159T but not 
the other two SNPs was significantly associated with total plasma IgE level in atopic 
subjects under the recessive model (Table 6.5.2.3). 
Table 6.5.2.3 Linear regression analysis of CD 14 SNPs for plasma total IgE in atopic 
children under recessive model* 
Odds ratio Standard error p-value 
C-159T -0.16 0.07 0.032气 
G-1359T 0.17 0.11 0.144 
A-1619G -0.12 0.07 0.076 
* Plasma total IgE was log-transformed before analysis, adjusted for age and sex as covariates. 
Fig. 6.5.2.4 illustrates this genetic association graphically. Among atopic 
subjects, those with CC or CT at CD14/-\59 had significantly lower total plasma 
IgE than those homozygous for the T allele (p = 0.034; total plasma IgE level, 368 
( 
klU/L versus 528 klU/L). Such association was not seen among the non-atopic 
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subjects. 
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Fig. 6.5.2.4. Log-transformed plasma total IgE level (mean 土 2 SEM) among different genotypes of 
CD14/ C-\591 in atopic subjects. P-value was calculated by Student t test. 
Asthma phenotypes and CD 14 haplotypes 
Haplotypes of the three promoter SNPs of CD 14 were analyzed in relation to 
different asthma traits. The results were summarized in Table 6.5.2.5. None of the 
CD 14 haplotypes was associated with asthma diagnosis, presence of atopy or 




Table 6.5.2.5 Associations between CD14 haplotypes and asthma and atopic phenotypes* 
Haplotype Frequency 
Phenotype Odd ratio 95 % CI p-values 
(-159/-1359/-1619) 
Disease status Asthma Control 
TGG 0.53 0.50 1.00 NA Ref 
CTA 0.29 0.28 0.99 0.63 - 1.57 0.94 
TGA 0.03 0.05 0.58 0 . 2 0 - 1.65 0.38 
CGA 0.14 0.13 1.03 0 .56 - 1.90 0.96 
Plasma total IgE Increased Normal 
TGG 0.52 0.53 1.00 NA Ref 
CTA 0.28 0.29 0.99 0.63 - 1.55 0.96 
CGA 0.14 0.12 1.16 0.63 -2 .14 0.72 
Plasma total IgE in atopic subjects Increased Normal 
TGG 0.52 0.57 1.00 NA Ref 
CTA 0.28 0.23 1.36 0.71 -2 .52 0.38 
CGA 0.14 0.13 1.20 0.55 -2 .64 0.75 
Atopy Yes N o 
TGG 0.53 0.50 1.00 NA Ref 
CTA 0.27 0.34 0.75 0.45 - 1.25 0.30 
CGA 0.14 0.12 1.12 0 . 5 4 - 2 . 3 5 0.87 
D. Pteronyssinus-specific IgE Positive Negative 
TGG 0.53 0.50 1.00 NA Ref 
CTA 0.27 0.33 0.79 0.48 - 1.30 0.39 
CGA 0.14 0.12 1.09 0 . 5 4 - 2 . 2 3 0.94 
Cat-specific IgE Positive Negative 
TGG 0.53 0.52 1.00 NA Ref 
CTA 0.28 0.29 0.96 0.48 - 1.92 0.96 
CGA 0.14 0.13 1.04 0.41 -2 .55 0.91 
Cockroach-specific IgE Positive Negative 
TGG 0.52 0.52 1.00 NA Ref 
CTA 0.28 0.29 1.00 0 . 5 9 - 1.68 0.91 
CGA 0.13 0.13 1.01 0.50 -2 .03 0.90 
* Results for haplotypes with frequencies < 5% were not displayed. 
CI = confidence interval; N A = not applicable; Ref = reference haplotype for comparison. 
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Section III: Study Core 
Chapter 7: Discussion 
7,1 Influence of indoor factors on asthmatic children 
A number of studies have demonstrated the association between indoor 
environment and asthmatic respiratory symptoms. Apart from the assessment of the 
role of dust mite allergen, there were extensive investigations for the effects from 
exposures to endotoxin and NO2. Although the health consequences of endotoxin are 
still controversial, a cross-sectional study of 800 homes in United States revealed a 
link between increased endotoxin level and asthma diagnosis, current wheeze and 
mediation use (Thome PS et al. 2005). Besides, it was reported that increase of 
indoor NO2 concentration significantly increased chest tightness and wheeze 
(Belanger K et al. 2006), as well as the severity of virus-induced exacerbation in 
asthmatic children (Chauhan AJ et al. 2003). Nevertheless, there is little data for 
quantifying exposure levels of these indoor factors in the Asia-Pacific region. More 
importantly, most studies showed a relationship between indoor exposure to these 
noxious agents and subjective reporting of asthma symptoms by questionnaire. Few 
of them directly addressed the association by objective measurements such as lung 
I 
function and eNO with indoor environmental factors. 
, In comparison to other studies in urban cities, house dust endotoxin levels were 
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lower in our population (Tables 7.2.1 and 7.2.2), particularly when endotoxin 
exposure was expressed as endotoxin load (EU/m^). 
Table 7.1.1: International comparisons of house dust endotoxin concentration (EU/mg) 
Study location Dust sampling location Endotoxin concentration* 
Singapore Mattress 18.4 
(Lee A et al. 2006) 
Hong Kong, China Mattress 12.4 (Median) 
(Current Study) Bedroom floor 24.2 (Median) 
Living room floor 22.2 (Median) 
US National Survey Bedding 18.7 
(Thome et al. 2005) Bedroom floor 35.3 
Living room floor 63.9 
New York City, US Bedroom floor 75.9 
(Perzanowski MS et al. 2006) 
Boston, US Family room floor 95.0 
(Anraham JH et al. 2005) 
Wellington, New Zealand Carpeted living room floor 22.7 
(Wickens K et al. 2003) 
* Endotoxin concentration was reported as geometric mean unless specified. 
Table 7.1.2: International comparisons of house dust endotoxin load (EU/m )^ 
Study location Dust sampling location Endotoxin Load* 
US National Survey Bedding 4160 
(Thome et al. 2005) Bedroom floor 10500 
Living room floor 17600 
Hong Kong, China Mattress 497 (Median) 
(Current Study) Bedroom floor 573 (Median) 
Living room floor 248 (Median) 
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Table 7.1.2: Continued 
Study location Dust sampling location Endotoxin Load* 
New York City, US Bedroom floor 3900 
(Perzanowski MS et al. 2006) 
Wellington, New Zealand Carpeted living room floor 30500 
(Wickens K et al. 2003) 
Saxony-Anhalt, Germany Living room floor 24200 
(Gehring U et al. 2004) 
Greater Manchester, UK Living room floor 2900 
(Simpson A et al. 2006) 
* Endotoxin load was reported as geometric mean unless specified 
We have to be cautious when comparing our endotoxin data with these published 
ones. Most of these results were published in community-based studies in general 
population instead of the asthmatic patients. In our asthmatic population, frequent 
physician visits and counseling might modify their daily behaviours, especially on 
personal and environmental hygiene. These patients might have increased awareness 
of home cleanliness (e.g. more frequent cleaning and use of disinfectant), resulting 
in lower endotoxin levels in the collected house dust samples. Importantly, nearly 
half of our subjects (47%) used vacuum cleaning, which potentially reduced the 
house dust levels of both allergens and endotoxin. Besides, differences in protocols 
(area and time for collection), sampling equipments (e.g. vacuum cleaner, dust « 
collection filter), surfaces (e.g. carpeted floor versus smooth floor) and locations in 
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homes for collecting house dust samples might account for discrepancies in the 
measured endotoxin levels. In fact, both endotoxin concentration and load were 
valid indicators of its exposure level. In our study, these two parameters showed 
strong correlation with each other (r = 0.69 - 0.78, p < 0.001). However, it appeared 
that endotoxin load was more sensitive to variations in the collection protocols due 
to the difficulties in standardizing the methodology for sample collection and 
processing (Wickens K et al. 2004). Thus, comparison of endotoxin load between 
studies may be misleading about the actual exposure to endotoxin. 
We identified several housing characteristics to be associated with indoor 
endotoxin levels in our families, including vacuum cleaning, floor age of dust 
collection, bedroom temperature and use of feather quilt. A previous German study 
found an association between higher endotoxin concentrations and infrequent 
vacuum cleaning of carpets and longer occupancy in the apartments (Bischof W et al. 
2002). These findings were consistent with results from our study. As only a small 
proportion of subjects kept pets (i.e. cats and dogs) in the homes, the major source of 
endotoxin in our families may come from dust that was trapped and carried by shoes 
of family members from outside of their homes. Vacuum cleaning may be more 
effective in removing endotoxin-laden dust than mopping and sweeping, which 
1 
partly explained why the use of vacuum cleaners lowered indoor dust endotoxin 
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levels in living room and bedroom. On the other hand, the age of buildings may be 
an indicator of the age of using the floor. Endotoxin may accumulate on the floor 
because of its ubiquitous and stable nature. The older the home's floor, the higher 
would be the dust endotoxin levels. 
To our knowledge, this study was the first to reveal a positive association 
between mattress endotoxin levels and the use of feather quilt. There has not been 
any study that measured endotoxin in feather quilt. However, one report compared 
endotoxin concentrations between synthetic and feather pillows (Hall K et al. 2002). 
Although the result was not significant, most likely due to small sample size (n = 8), 
feather pillows were found to have higher endotoxin concentration than synthetic 
pillows (p = 0.31; 35.3 EU/mg versus 23.2 EU/mg). The reason for this difference is 
yet to be determined. Nevertheless, it could be hypothesized that bird's feather, 
being the raw material for feather pillows, might contain more endotoxin than in the 
synthetic pillows. Seasonal variation of endotoxin levels in house dust had been 
described, in which endotoxin levels in spring and summer were generally higher 
than those in autumn and winter (Park J H. et al. 2000). In contrast, we found that 
bedroom temperature was inversely associated with mattress endotoxin. Further 
studies are necessary to clarify how temperature affects the stability and distribution 
I 
of endotoxin in the indoor environment in Hong Kong families. 
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Previous studies found a wide variation of indoor Der p 1 levels in different parts 
of the world, and the levels depend on climate, humidity and temperature. According 
to the Phase 2 of European Community Respiratory Health Survey (Zock JP et al. 
2006)，mattress Der p 1 concentrations varied up to 1000-fold between cities with 
the highest (i.e. Galdakao in Spain; geometric mean 9.54 |ig/g) and lowest (i.e. 
Gothenburg in Sweden; geometric mean < 0.01 |xg/g) levels. Table 7.1.3 illustrates 
house dust Der p 1 levels as published in different studies. 
Table 7.1.3: International comparisons of Der p 1 concentration (jig/g) 
Study location Dust sampling location Der p 1 level* 
Singapore Mattress 2.3 
(Lee A et al. 2006) 
Hong Kong, China Mattress 0.61 (Median) 
(Current Study) Bedroom floor 0.39 (Median) 
Living room floor 0.31 (Median) 
Hong Kong, China Mattress 8.8 
(Leung R. et al. 1998) Bedroom floor 1.6 
Lounge room 1.3 
Hamburg, Germany Mattress 0.54 
Balcerlona, Spain Mattress 0.60 
Paris, France Mattress 0.14 
(Zock JP et al. 2006)卞 
Multiple urban cities in US Bed 0.030 (Median) 
(Morgan WJ et al. 2004) Bedroom floor 0.015 (Median) 
* Der p 1 concentrations were reported as geometric mean unless specified, 
t Data came from the Phase 2 European Community Respiratory Health Survey. 
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The concentrations of Der p 1 in our families were comparable with the other 
published reports. In contrast, Der p 1 levels were much higher in a previous local 
study than in our present one (Leung R. et al. 1998). This disparity may be due to a 
difference in the recruited subjects between these studies (i.e. randomly selected 
subjects in Hong Kong in the previous study versus children with known asthma 
from our hospital outpatient clinics). In addition, some of our asthmatic patients 
were using allergen-impermeable covers for bed encasement. This measure might be 
another reason for the relatively low mattress Der p 1 concentrations in this study. 
Interestingly, this study demonstrated an association between mattress Der p 1 
levels and the use of foam pillows but not with temperature or humidity. Since the 
last two factors were measured only during home visits, the relevant data might not 
precisely reflect the average indoor conditions for temperature and humidity. This 
reason may explain the absence of any association between Der p 1 levels and these 
indoor factors. 
The use of foam pillows was reported as a risk factor for current wheeze in 
Chinese schoolchildren (Wong GW et al. 2004). However, the exact relationship 
between dust mite allergens and foam pillows was unclear. Published data suggested 
an association between dust mite allergen and the use of synthetic pillows. Hallam < 
and colleagues found that synthetic pillows contained approximately 2.3 times more 
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Der p 1 allergen than feather pillows (geometric mean: 3.4 |j.g/g versus 1.5 |ig/g). A 
possible explanation is that the weave of synthetic pillows covering was loose, thus 
the smaller pore size of about 57 )im (Siebers R et al. 2002). As house dust mite at 
larval stage was only 20 |im in size (Arlian LG et al. 2001), dust mite allergens 
could only be blocked effectively in fabrics with a pore size of,less than 10 jim 
(Vaughan JW et al. 1999). Thus, live dust mites and their allergens can easily 
populate synthetic pillows. A recent study in fact confirmed increased permeability 
of house dust mites in standard synthetic pillows (i.e. polyester type) when 
compared with feather pillows (Siebers R et al. 2004). This situation is similar for 
foam pillows, which may also serve as a major reservoir for dust mites and their 
allergens. 
The mean NO2 concentrations of kitchen and bedroom in our families were 27.1 
ppb and 19.8 ppb, respectively. Table 7.1.4 summarizes the indoor NO2 levels that 
were published in different studies. 
Table 7.1.4: International comparisons of Indoor NO2 concentration (ppb) 
Homes with 
Study location gas stoves (%) Dust sampling location NO2 level* 
Hong Kong, China 97.5 Kitchen 48.7 
(Leung R e t a l . 1998) Bedroom 30.9 
Hong Kong, China " 99.1 Kitchen 27.1 
(Current Study) Bedroom 19.8 
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Table 7.1.4: Continued 
Homes with 
Study location gas stoves (%) Dust sampling location NO� level* 
Boston public housing, US NA Kitchen 43.0 
(Zota A et al. 2005) Living area 36.0 
Victoria, Australia NA Multiple locations in homes 6.0 (Median) 
(Garrett MH et al. 1998) 
Commonwealth and 100 Living area (homes with gas stoves) 25.9 
Massachusetts, US 0 Living area (homes with electric ranges) 8.6 
(Belanger K et al. 2006) 
Barcelona, Spain 96.0 Living area 23.9 (Median) 
Asthford, UK 61.0 Living area 5.8 (Median) 
(Garcia Algar O et al. 2004) 
Definition of abbreviation: NA = Not Available or Not Applicable 
* NO2 concentrations were reported as mean unless specified 
Indoor NO2 concentrations in our homes were lower than the published values in 
a previous local study (Leung R. et al. 1998), but were comparable to the levels in 
other cities in which gas stoves were used as the main cooking method. The 
discrepancy in our findings and the previous local data might be due to a difference 
in the geographic distributions of the subjects. The use of gas stoves was the main 
domestic activity that influenced indoor NO2 concentration (Levy JI et al. 1998). 
There has been study suggesting a possible linkage between outdoor and indoor NO2 
concentrations (Zota A et al. 2005). While on this issue, one of the limitations of our 
study was that our subjects were mainly living in the Eastern New Territories (70 %). « 
According to the Annual Air Report 2003 from the Environmental Protection 
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Department, the annual average NO2 concentration in Shatin (in New Territories 
East) was 24.3 ppb and which was much lower than the corresponding values in 
Causeway Bay (in Hong Kong Island; 47.1 ppb) and Mong Kok (in central Kolwoon; 
50.7 ppb). Nevertheless, it could be argued that most of our patients lived in 
high-rise buildings, which was unlike the house in proximity to road traffic in 
Western countries. 
We could not find any specific home features to be associated with indoor NO2 
concentration. Nearly all families of our subjects used gas stoves for cooking, and 
the uneven distribution of NO2 between kitchen and bedroom strongly suggested gas 
stoves to be the main source and determinant of this indoor air pollutant. The 
presence of extractor fan might be the other possible housing characteristics that 
affected indoor NO2 levels. A previous study found the absence of extractor fan 
during cooking to be associated with higher indoor NO2 concentrations 
(Garcia-Algar O et al. 2003). Extractor fan is commonly installed in kitchens in 
Hong Kong families, which may provide sufficient ventilation to prevent the 
accumulation of NO2 in the kitchens. 
In our study, clinical symptoms of asthma such as the number of acute wheezing 
and night awakening increased with increasing house dust Der p 1 concentrations. In 
addition, the airway inflammatory marker eNO also increased with indoor Der p 1 
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exposure. These results strongly suggested household Der p 1 exposure as a major 
risk factor for severe asthma in our patients. As shown by a local study, house dust 
mites are the most important aeroallergen in our subtropical region. Eighty four 
percent of asthmatic patients were sensitized to D. pteronyssinus, which was twice 
as many as in the non-allergic controls (Leung TF et al. 2003). In the present study, 
about 30% of mattresses contained Der p 1 > 2 jig/g dust (i.e. higher than the 
threshold for allergic sensitization). It was thus not surprising that these house dust 
mite-sensitized patients would have more asthma symptoms when they were 
exposed to high Der p 1 in their domestic environment. 
House dust mite allergen is an important disease-modifying factor in asthma. 
The deleterious effect of Der p 1 on asthmatic patients is well documented. In adult 
mite-sensitive asthmatics, the bedding Der p 1 levels were significantly associated 
with AHR (Custovic A et al. 1996). In the same study, indoor Der p 1 exposure was 
inversely correlated with FEVi. In other words, asthmatic patients exposed to high 
Der p 1 had more severe airflow limitation. Similar result was also reported in the 
paediatric population. Jalaludin and colleagues found that Der p 1 level on beds 
showed significant negative correlation with PEF in schoolchildren who were 
sensitized to house dust mites (Jalaludin B et al. 1998). We found a positive < 
correlation between house dust Der p 1 concentrations and eNO in our patients. A 
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recent study from the United Kingdom revealed that sensitized asthmatic patients 
exposed to high levels of household allergens had higher eNO and lower FEVi 
(Langley SJ et al. 2003). Allergen exposure in asthmatic patients is a well 
recognized cause of asthma exacerbation, which triggers acute respiratory symptoms. 
Allergen exposure also aggravates chronic airway inflammation through Th2 
pathway (Singh AM et al. 2006). Under this scenario, eosinophilic infiltration of the 
airway is well recognized in allergen-specific late-phase response. Th2-specific 
chemokines (TARC and macrophage-derived chemokine) in BAL fluid from 
asthmatics were positively associated with the concentrations of IL-5 and IL-13, as 
well as the number of airway eosinophils 48 hours after antigen challenge (Liu L et 
al. 2004). On the other hand, eNO is related to eosinophilic airway inflammation in 
induced sputum (Jatakanon A et al. 1998) and BAL fluid (Warke TJ et al. 2002). 
Overall, our results suggested an important role for domestic Der p 1 exposure in 
enhancing chronic eosinophilic inflammation in asthmatic children. 
In our study, indoor endotoxin exposure affected lung function of asthmatic 
children. An inverse relationship was found between mattress endotoxin load and 
PEF whereas previous studies on this topic reported conflicting results. It was found 
that 60 |ig of inhaled LPS did not cause any significant change in spirometric 
I 
parameters (i.e. FEVi and FVC) in normal, atopic and atopic asthmatic subjects 
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(Nightingale JA et al. 1998). Sohy and colleagues reported that low-dose LPS (2 jig) 
inhalation did not induce any change in FEVi, PEF, dyspnoea symptom or PD20 in 
cat allergen-sensitized asthmatics (Sohy C et al. 2006). In contrast, inhalation of 20 
|ig LPS weekly resulted in a significant decline of FEVi in subjects with positive 
histamine bronchoprovocation (Michel O et al. 1992). This inconsistency on the 
published data might be explained by differences in target groups as well as doses 
and timing of endotoxin exposure. House dust endotoxin in domestic environment 
was related to clinical asthma symptoms (Rizzo MC et al. 1997)，but its relation to 
lung function has attracted less attention. In patients with chronic asthma and rhinitis, 
airway obstruction (FEVi, FEVi/FVC) was found to be associated with house dust 
endotoxin in mattress and floor in a dose-dependent manner (Michel O et al. 1996). 
Endotoxin load in living room was significantly associated with PEF variability in 
schoolchildren from the Netherlands (Douwes J et al. 2000). 
Interestingly, and despite being pro-inflammatory, endotoxin was not associated 
with eNO levels in our patients. Unlike allergen-induced eosinophilic inflammation, 
many studies reported that endotoxin exposure recruited neutrophils into the airway 
(Nightingale JA et al. 1998，Simpson JL et al. 2007 and Burch LH, et al. 2006). In 
rat model, inducible NOS gene expression in lung tissue and eNO levels increased « 
following LPS challenge (McCluskie K et al. 2004). However, eNO levels peaked at 
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6 hours after challenge and returned to normal at 24 hours. This finding implied that 
endotoxin exposure may induce only a transient elevation of eNO in patients with 
chronic asthma. Clinically, there is limited evidence on any association between 
eNO and airway neutrophilia and endotoxin exposure. Exhaled NO levels were not 
correlated with sputum neutrophils in subjects with moderate and severe asthma 
(Lemiere C et al. 2006). SikofF and colleagues found that eNO levels were 
significantly increased in patients with severe refractory asthma and eosinophilic but 
not non-eosinophilic airway inflammation. The authors also found correlations 
between eNO levels and tissue eosinophils, mast cells and lymphocytes but not 
neutrophils (Silkoff PE et al. 2005). These findings clearly show that eNO is not 
influenced by house dust endotoxin exposure. 
The present study did not demonstrate a significant relationship between indoor 
NO2 concentration and respiratory symptoms in our asthmatic children. One 
limitation of this study is that we measured the daily average NO2 exposure but not 
peak NO2 concentration from gas stoves during the 48-hour period of sampling. 
Thus, we were unable to delineate the exact relationship between short-term NO2 
exposure and respiratory health in our patients. A study on asthmatic women 
reported that mean NO2 concentration during gas cooking was 62.7 ppb whereas the 
maximum NO2 exposure could be up to 254 ppb. Higher short-term exposure to NO2 
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during cooking was correlated with greater decline of PEF (Ng TP et al. 2001). 
These observations strongly suggest that peak NO2 exposure is more harmful than 
the cumulative NO2 level. In light of this, further studies should address the 
relationship between peak indoor NO2 concentration and the occurrence of 
respiratory symptoms in asthma. 
Another major limitation of this study relates to the fact that many recruited 
patients had mild asthma. According to the ISAAC questionnaire, 42% of subjects 
did not experience any current wheeze within the preceding year. Similarly, at least 
half of the patients did not have any exercise-induced wheeze and nocturnal cough 
in the previous 12 months. The lack of asthma symptoms in our patients reflected 
that their asthma was well-controlled. The unavailability of patients with severe 
asthma rendered it difficult to investigate for the relationship between environmental 
exposures and asthma severity. Thus, this study may underestimate the effects of 
indoor endotoxin and NO2 exposure on asthma symptoms and lung function. 
Neutrophilic airway inflammation is commonly found in patients with chronic, 
severe asthma (Jatakanon A et al. 1999), and this reflects the possible detrimental 
effects of endotoxin on the airway. Future studies need to recruit more severe 
patients in order to obtain a clear picture on the effects of indoor environmental « 
exposures in asthma patients. 
1 3 4 
7.2 CD14 polymorphisms in modifying asthma phenotypes 
Most genetic association studies found a linkage between CD 14 SNPs and 
circulating IgE levels and atopy, but not asthma diagnosis. This observation was 
consistent with our findings. However, it was also known that the effects of CD 14 
genotypes might vary with environmental exposure. In our study, we found that 
plasma IgE levels in atopic subjects with homozygous T alleles in CD 14!-\S9 were 
significantly higher than those with CC or CT genotypes. Instead of T allele, a 
previous study reported that atopic Chinese children with CC genotype in 
CD14l-\59 had the highest total serum IgE (Leung TF. 2003). Similarly, 
CD7^/-1359T was found to be associated with lower atopy rate in our population. In 
the Czech population, asthmatic patients with homozygous GG genotypes in 
CD74/-1359 were less likely to have positive skin prick tests when compared with 
those with the other genotypes (Buckova D et al. 2003). Furthermore, some studies 
could not replicate any relationship between CD 14 SNPs and allergic diseases, atopy 
or total IgE (Heinzmann A et al. 2003，Sengler C et al. 2003). This inability to 
reproduce the results might be explained by population stratification and a 
difference in the definition of disease phenotypes. Nevertheless, it was also possible 
that variations in endotoxin exposure between the studies may account for the « 
discrepancy in the published results. Luciferase reporter assay of CD 14/-\ 59 SNP 
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showed that this polymorphic marker influenced gene transcription (LeVan TD et al. 
2001). Differential expression of CD 14 under different levels of endotoxin exposure 
might modify IgE response to allergens, and which resulted in a wide spectrum of 
asthmatic phenotypes. Under this concept, specific CD 14 genotypes should not be 
labeled as being protective or harmful for atopy until environmental endotoxin 
exposure in the study participants was known. 
Unfortunately, this present study was underpowered to allow us to analyze for 
possible gene-environment interaction in this population because only 56 patients 
had available data for both CD 14 genotypes and indoor endotoxin exposure. As a 
critical component at the interface between the host and environment, numerous 
studies showed the modifying effects of CD 14 SNPs on asthma traits under various 
levels of endotoxin exposure. Among British children, increasing living room 
endotoxin exposure in subjects with CC genotype at CD14/-\59 markedly reduced 
the risk of dust mite sensitization and eczema. In contrast, the prevalence of current 
non-atopic wheeze also augmented with endotoxin load in children homozygous for 
the C allele, but not those with TT or CT genotypes (Simpson A et al. 2006). Besides, 
Eder and colleagues reported that reduced specific IgE level was observed in 
children with C allele in CDl4l-\59 under high mattress endotoxin exposure, but not 
I 
low exposure (Eder W et al. 2005). In overall, the interaction between CD 14 and 
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endotoxin is complicated. Present data clearly indicated the dynamic effect of CD 14 
SNPs on asthma phenotypes when environmental exposure was considered. Further 
investigations should be carried out to clarify the issue in our population. 
Apart from atopy and IgE level, several reports found an association between 
CD 14 SNPs and other asthma and allergic traits. In the farming environment, 
subjects homozygous for -1619G or -159T were associated with reduced lung 
functions (i.e. lower FEVi and FEF25-75) and more wheezes (LeVan TD et al. 2005). 
In a birth cohort, infants with CD14I-\59T had increased risk of eczema (odds ratio 
2.3 for CT/TT versus CC; 95% confidence interval 1.4-3.8) in the first 2 years of life. 
This finding contradicted a protective role for T allele (i.e. reduced total IgE level) 
as previously published (Litonjua AA et al. 2005). In fact, there was a rising concern 
about how age modified the association between allergic phenotypes and CD 14 SNP. 
Subjects homozygous for C alleles at CD14l-\59 were found to be associated with 
early-onset atopy and AHR, but not with late-onset phenotypes, when compared 
with individuals with CT and TT genotypes (O'Donnell AR et al. 2004). Such 
observation suggested that the influence of CD 14 SNPs might be age-dependent, 
and their effects might be more apparent during childhood. Future study should 
examine whether there is any difference in CD 14 expression among different age 
groups, which may modify the manifestations of asthma and allergic traits. 
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Section III: Study Core 
Chapter 8: Conclusion and Future works 
The prevalence of childhood asthma is high in Hong Kong. Although there was 
evidence for a decline of asthma prevalence in the past few years, this disease is still 
much more common in Hong Kong than in mainland China. This observation urges 
the need to search for possible risk factors in our community. Asthma is a complex 
disease and the development of the disease depends on complicated interaction 
between environmental factors and genetic factors. The ultimate goal is to identify 
any modifiable factor for disease prevention and improvement of asthma control in 
asthmatic patients. 
Our study identified the determinants of indoor environmental factors. The use 
of feather quilt and bedroom temperature influenced mattress endotoxin level. 
Besides, housing practice such as vacuum cleaning and age of floor significantly 
affected endotoxin level in bedroom and living room. Mattress Der p 1 concentration 
was affected by the use of foam pillows but not indoor humidity and temperature. 
Nearly all of our subjects used gas cooking. However, we did not found any 
significant factors for determining indoor NO2 level. 
« 
More importantly, we observed a clear relationship between asthma severity and 
indoor exposures. Level of Der p 1 exposure was found to be associated with more 
1 3 8 
severe symptoms and higher eNO levels among our asthmatics, whereas endotoxin 
exposure was associated with lower PER On the other hand, our results did not find 
any deleterious effect of indoor NO2 exposure on asthma in our cohort. 
In our genetic study, we found an association between atopy and T allele of 
CD14/-\2>59 SNP under the co-dominant model. CD 14/-159 was also associated 
with plasma total IgE levels in atopic subjects, and those homozygous for the T 
allele had lower total plasma IgE level than those with CC and CT genotypes. 
Nevertheless, CD14l-\6\9 was not associated with atopy, total or allergen-specific 
IgE. None of the three SNPs was associated with asthma diagnosis in our cohort. 
Furthermore, we could not find any association between CD 14 haplotypes and 
asthma or atopy in our Chinese children. 
Several questions remain unresolved in this study. First of all, our recruited 
asthmatic children for indoor environmental study were relatively stable patients. 
Their families might also be more aware of the importance for home cleanliness. 
These factors might influence the levels of endotoxin and Der p 1 in their homes. 
Secondly, the majority of our subjects were living in the Eastern New Territories. 
Our data may not be generalizable to the whole Hong Kong population. This issue is 
particularly relevant for NO2 measurement because of the relatively low outdoor 
% 
NO2 exposure in this region of Hong Kong. In order to obtain generalizable results 
1 3 9 
on indoor exposures and corresponding effects, a bigger community-based study in a 
group of randomly selected schoolchildren from different regions of Hong Kong is 
needed. 
The present study could not demonstrate any interaction between CD 14 SNPs 
and indoor endotoxin exposure, mostly likely due to the small number of subjects 
(i.e. n = 56) with available data on both CD 14 genotypes and house dust endotoxin 
level. In the future, adequately powered studies are needed to identify any 
gene-environment interaction for CD 14 SNPs in modifying asthma and atopy 
phenotypes in our population. According to published studies (Simpson A. et al. 
2005 and Thome P.S. et al. 2005), we estimated that about 500 subjects will be 
necessary to generate data for the relevant analysis. 
Last but not the least, the effect of house dust endotoxin on neutrophilic airway 
inflammation in severe asthmatics was unclear in the childhood population. It would 
be valuable to investigate the roles of house dust endotoxin exposure on clinical 
phenotypes in children with severe or refractory asthma. 
« 
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Appendix 1 
部分一 .辭資料 } 
問卷編號: 











請在適當的方格加上 0 或塡上答案。 
1 .請問這份問卷由誰人作答？ 
孩 子 的 父 親 O i 孩 子 的 母 親 o 其 他 0 3 
9 
2 . 塡 寫 問 卷 的 日 期 ： 2 0 0 6 年 I I 月 I I日 
1-12 1-31 99 
3 .孩子的姓名： I “ 
must not be missing 
4 . 住 址 ： • “ 
1-18 99 
5.孩子所住的房子或單位面積約多少？ 
房子或單位面積： I I 平方米⑴ / 口尺(2)(請選擇適當的量度單位） 
‘ 0 - 2000 99 
6 .孩子現在的單位或房子住了多久 ? I I 年 ( 0 - 2 0 ) / I 丨月(0-12) 99 
2 
Appendix 1 
7.孩子家中有多少人居住？ I I 人 ( 1 - 9 8 ) 99 






女 D 9 
1 0 .孩子在何時出生？ I I年 I I月I I曰 
1995-2003 1-12 1-31 9999/99 
1 1 . 孩 子 的 年 齡 是 ： I I 歲 
6-18 99 
1 2 .孩子是否在香港出生？ 
是 D 
^ ^ 請 註 明 地 點 [ ^ ； ^ ^ ] ^ ^ ； ! ! ! ! ^ 
9 
char 50 NO 
請註明孩子居住當地多少時間： 
時間：I I 年 I I 月 
0-98 (99) 0-98 (99) 
請註明孩子遷往香港時的年齡 
年齡：I I 歲 I I 個 月 
0-18 (99) 0-12 (99) 
(若孩子在1歲1 0個月大時遷往香港， 
就應在方格塡上 1歲 1 0個月。） 
13.孩子的父母曾否接受學校教育或職業訓練？ 
母親 父親 
沒有 0 / 2 0 / 2 
小 學 r ~ i i / 2 r ~ i i / 2 
中學 0 / 2 D / Z 
大學/專,上學院 [ > 2 0 / 2 
其他技術i丨丨練(請註明） [ > 2 0 / 2 
char 50 char 50 NO 
3 
Appendix 1 
部分三 . {學童健康問題 } 
14 .孩子的胸部過往有沒有曾經發出喘聲、氣緊、喘鳴或He H e聲？ 
有 D 
沒 有 [ 3 ~•【如沒有，請跳往問題（19)� 9 
1 5 .過去1 2個月內’孩子的胸部有沒有發生喘聲、氣緊、喘鳴或” He H e ”聲？ 
有 D 
沒有[3—••【如沒有，請跳往問題（19 ) � S 
16.過去12個月內，孩子曾有多少次喘聲、喘鳴或氣緊發作？ 
沒有 D i 
1 至 3 次 O 
4 至 1 2 次 O 
12次以上 [ 3 9 
1 7 .過去1 2個月內，孩子平均有多少晚是因喘鳴或氣緊而影響睡眠？ 
從沒有因喘鳴或氣緊而從睡眠中醒過來 [Hi 
平均每星期少於一晚 O 
平均每星期一晚或多於一晚 0 3 9 
18.過去12個月內，孩子有沒有因嚴重氣喘而致每次呼吸只能講一至兩個字？ 
有 D 
沒有 O 9 
1 9 .孩子有沒有曾經患上哮喘？ 
有 D 






^ ^ n _ ^ 若答案是“有"的話，孩子一星期裏平均有多少 




一星期三次或以上 D 9 
21.過去12個月內，除傷風或肺部受感染時’孩子晚上有沒有乾咳？ 
有 D 




有 [ 3 













毫無影響 0 1 
些微影響 O 
相當影響 [ 3 
嚴重影響 D 9 
26.孩子有沒有曾經患上鼻敏感？ 
有 D 
沒有 O 9 
27.孩子有沒有曾經出現持續半年或以上的痕疼？ 
有 [ 3 
沒有 _•【如沒有，請跳往問題（33 ) 】 9 
28.過去12個月內，這種痕瘆有沒有發作？ 
有 D 
沒有 [3~•[如沒有，請跳往問題（33 ) 】 9 
29.過去12個月內，這種痕疼有沒有影響以下身體部位：手肘內側、膝頭後面、腳 
躁前面、臀部下端、頸、耳朵或眼睛四周？ 
有 O i 
沒有 O 9 
30.這種痕疼最早是何時出現? 
兩歲前 Q i 
,二至四歲期間 [ 3 





沒有 D 9 
32.過去12個月內’孩子平均有多少晚因這種痕疼而不能入睡？ 
過去12個月內從沒有 [ 3 
平均每星期少於一晚 O 
平均每星期一晚或多於一晚 O 9 
33.孩子有沒有曾經患上濕瘆？ 
有 D 




是 D — — H 若 答 案 是 “ 是 
9 孩子額鋪母乳了多久？ 
少於 6 個月 IDi 
6至 1 2個月 D 
多於 1 年 D 
孩子淨餓舖母乳多久，而沒有添加其他食物或飲料？ 
少於2個月 [ 3 
2 至 4 個月 O 
5 至 6 個月 [113 
多於6個月 0 4 
35.孩子有多少個哥哥或姐姐？ 
沒有(2) • 9 




3 6 .孩子有多少個弟弟或妹妹？ 
沒有(2) • 9 
有(1) •，共有 I個 
1-98 99 
3 7 .孩子的母親曾否患有以下的疾病？（可以選擇一個或以上的答案） 
哮喘 01/2 
鼻敏感 I Z k 
濕疼 [3/2 
沒有 0 / 2 
不知道 [3/2 
3 8 .孩子的父親曾否患有以下的疾病？(可以選擇一個或以上的答案） 




不知道 0 / 2 
3 9 .如果孩子有兄弟姊妹，請問孩子的兄弟姊妹曾否患有以下的疾病？ 
(可以選擇一個或以上的答案） 
哮 喘 l U i / a 
鼻 敏 感 CUi/z 
濕疼 0 / 2 
沒有 E k 






是 D — — • 若答案是“是” 
9 
首次入讀是在何年齡？ I I歲 I I個月 
0-7 99 0-12 99 
(若孩子在2歲8個月大時入讀過托兒所或育嬰院， 
就應在方格墳上2歲8個月。） 
入讀多久？ 少於6個月 [ 3 
- 6 至 1 2 個 月 O 





狗 I | l /2 0 / 2 r ~ ] l / 2 
貓 I |l/2 [ 3 / 2 I |l/2 
雀 鳥 [ Z ] l / 2 [ I ] l / 2 [ 3 / 2 
其他有毛寵物 [>2 [>2 0/2 
其他（請註明） I |l/2 charSO | |l/2 charSO | |l/2 char 50 NO 




狗 0 / 2 [3/2 
貓 0 / 2 O 
雀鳥 O s 0 / 2 
農場動物(如牛、豬、家禽）[>2 0 / 2 
其他有毛動物 0 / 2 0 / 2 
其他（請註明） [ I ] l / 2 CharSO 口“！/之 charSO NO 




、沒J R ‘ 如果是“有”的話，孩子在農場居住時的年齡是多少？ 
^ ~ • 有 沒有 
9 出 生 至 1 歲 時 D l O 9 
1 至 2 歲 [ H i O 9 
2歲之後 Ell Q 9 
現在 D Q 9 
44.孩子母親(或女性監護人)現在是否吸煙？ 
S , I 如 果 回 答 “ 是 ” 的 話 ， 孩 子 的 母 親 ( 或 女 性 監 護 人 ) 每 
疋 U 1 • ~ ^ 天 抽 多 少 枝 香 煙 ？ n 
g 香 煙 數 目 _ 1-98 ^ 
45.孩子的母親(或女性監護人)是否在下列時間吸煙？ 
有 沒有 
孩子出生至一歲期間 O l O 9 
懷孕孩子期間 O D 9 
46.孩子的父親(或男性監護人)現在是否吸煙？ 
否 C U 
是 ——• I 如 果 回 答 “ 是 ” 的 話 ， 孩 子 的 父 親 ( 或 男 性 監 護 人 ) 每 
9 天抽多少枝香煙？ 
香煙數目 ~ 1-98 ^ 
47.孩子的父親(或男性監護人)是否在孩子出生至一歲期間吸煙？ 
是 
否 口？ 9 
48.現在和孩子居住的人有多少個吸煙？(包括父母在內） 
人斬 ^ I如果有的話，每天家人共吸冬少枝香煙？ 
豕中吸煙人數 _ 0-98 • 少於十枝 • 1 
99 十-二十枝 






電力 [ > 2 0 / 2 
煤 氣 / 石 油 氣 C k 0 / 2 
明火煮食(如煤、木柴） 0 / 2 01/2 
火水（煤油） 0 2 0 / 2 
其他（請註明） 01/2 ( ) O ( ) 
char 50 char 50 NO 
不知道 [ > 2 [111/2 
5 0 .你用何種燃料作爲取暖用途？ 
(可以選擇一個或以上的答案，請在適當的方格加上 V ) 
現在 孩子出生至一歲期間 
煤氣/石油氣 11111/2 [3/2 
煤油(火水） 0 / 2 0 / 2 
電力 E k 0 / 2 
煤 [I]l/2 13/2 
木柴 0 / 2 0 / 2 
不知道 [111/2 [3/2 
沒有用燃料取暖 1111/2 [ > 2 
其他（請註明） [3/2 ( ) 0 / 2 ( ) 
char 50 char 50 NO 
5 1 .孩子家裏的天花板或牆壁是否有潮濕或發霉的痕跡？ 
有 沒有 
現在 D O 9 
孩子出生至一歲期間 O l O 9 
5 2 .孩子的睡房是用那種地面？ 
現在 孩子出生至一歲期間 
地亶毛 0 / 2 [ > 2 
木 地 板 / 地 磚 D / z [ 3 / 2 
其他（請註明） 0 / 2 ( ) 0 / 2 ( ) 





棉花 0 / 2 0 / 2 
乳膠 [ > O 
人工合成纖維 [ > 2 [ > 2 
羽毛 [111/2 0 / 2 
沒有用枕頭 0 / 2 0 / 2 
不知道 0 / 2 0 / 2 
其他（請註明） [ > 2 ( ) 0 / 2 ( ) 
char 50 char 50 NO 
54.孩子是用那種被子？ 一 
現在 在孩子一歲前 
棉花 [3/2 \Z\y2 
人工合成纖維 0 / 2 [>2 
羽毛 I Z k 0 / 2 
毛寶毛 0 / 2 0 / 2 
不知道 0 / 2 [ > 2 
其他（請註明） [ > 2 ( ) 0 / 2 ( ) 
char 50 char 50 NO 
5 5 .你有否因孩子的哮喘或過敏問題而在家中作出以下改變？ 
放棄養寵物 否 D 
是 D ~ • 若 答 案 平 “ 是 ” 話’ 
9 在孩子I I歲。 
0-18 99 
停止或減少吸煙 否 1 3 
是 O ~ • 若 答 案 平 “ 是 ” 話’ 
9 在孩子 I I歲° 
0-18 99 
換另一種床單，被舖或枕頭 否 o 
是 [ 3——•若答案是“是” ’ 




. 是 D ——•若答案平“是” e p ， 







從 不 會 一 星 期 一 一星期多 不知道 
或偶爾 至兩次 於三次 
肉 類 （ 如 牛 肉 ， 羊 肉 ， 豬 肉 ， 雞 肉 ） Q g 
海產(包括魚） d i 0 2 D s D g 
水果 D i 口之 D e 
蔬菜 D i D s 
豆類（如碗豆，蠶豆，扁豆） D i " D a D a O 
穀類食品（如麵包） D i 0 2 • 3 • 9 
黃豆類（如豆腐） E h O D q 
S 飯 D i I Z b D s D s 
牛油 IZh C b O D s 
人造牛油 O i IZh D s D s 
果仁 n 1 • 2 • 3 • 9 
馬鈐薯 C l h E l h 0 3 D s 
牛奶 D i D s 
雞蛋 O i 0 2 D s D q 
快餐類食物（如漢堡包） • 1 l i b D s D s 
57.在正常的日子(非假期）’孩子每天(24小時)花了冬少小時看電視? 
少 於 1 小 時 （Hi 
1 至 3 小 時 o 
3 至 5 小 時 D b 





沒有 r t 
Z n “ 如果是“有”的話，孩子約服用了冬少次？ 
角 1 至 2 次 D i 
9 3 至 5 次 o 
5次以上 [113 
不知道 Q 9 
59.過去的12個月內，你會如何形容孩子平均服食止痛、退燒藥(如必理痛)的次數？ 
從來沒有 O i 
最少一年一次 O 
最少一個月一次 [ i 9 
60 .孩子家中二 IS平均有多少時間會打開窗戶或門戶？ 
少於 1 小時 IHi 
1 至 3 小 時 o 
4 至 1 2 小時 D 
1 2小時或以上 O 
沒有打開 0 5 
不知道 O 9 
61.孩子睡房的地面上一次是何時清潔? 
S I 0 M ( O - 2 O ) / | 天 ftf(0-60) 9 
62.家中客廳的地面上一次是何時清潔? 
星期前(0-20)/1 天 前 _ 9 
6 3 .孩子床單上一次是何時更換? 





1 至 2 次 E l l 
3 至 5 次 O 
5次以上 O 
沒有清潔 D 
不知道 D 9 
65.孩子客廳的地面一星期平均清潔的次數? 
1至 2次 [111 
3 至 5 次 O -
5 次以上 [113 
沒有清潔 0 
不知道 O 9 
66.孩子床單一個月平均更換的次數? 
1至 2次 [ 3 
3 至 5 次 O 
5次以上 D 
沒有更換 D 
不知道 O 9 
67.孩子家中地面的清潔方法是什麼？(可以選擇一個或以上的答案） 
掃地及拖地 [ I k 
吸塵 0 / 2 
用布抹 0 / 2 





村屋 [ 3 9 




$10000 以下 m i 
$10000-$20000 以下 D 
$20000 - $30000 以下 D 
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(LP) in children of smoking parents. It is unclear if LF is also reduced in asymptomatic children. Pans , France; ^Lungemed. U n i v I, Bergen . N o r w a y ; ' Imp Coll , London； England! ? 
Methods: 244 4-12 year old asymptomatic cltildren without any histoiy ot lung or airway disease Fm-ill- m^)u/ Hp ® ^ $ 
perfotmed LFtesis. They were divided io 4 ijroups according to the smoking pattern of the parentj： never ly^iijwjsi.ue . . ,, _ .. 
smokers (0); smoking alter birth, not during pregnancy (I); during pregnancy but not after birth (2) and The farming environment appears to protect from allergy. Factors discussed so far 杏 
both before and after birth (3). ANOVA analysis allowed for evaluation of differences in LF between include such d iverse even t s l ike inha la t ion o f b a m dus t , d o g owner sh ip , or drinking - I 
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ofsmoldng parents had never smoking smoking alwayt total straciRcation in European farming populations. 
X ^ ^ m X S S T 二 C ? ( " - " � > “ Methods: We have shown earlier i a 6 . 2 5 1 ^ d o o U y ^ t e d adults participating i „ | 
I especially coaceming (n-13) the European Community Respiratory Health S u r / e y ( E C R H S ) that l iving on a farm iti ^； 
I parameters ofperiph- ziUnt ( k P a / U a H w 23 11 childhood was associated with a reduced risk o f atopic sensit ization in adulthood. We 
I eral airway patency o.QS 0.S6. 0.17 0.63* 0.26 now analyzed also the T-1391OC variant in the lactase gene that is know to be under pos^ % 
. NO (ppb) n 122 21 11 42 1% itive sc lcc t ion g iv ing an a d v a n t a g e to d iges t l a c to se c o n t a i n e d in milk . ^ 
nft；；hirth •"咖 22.1 20.1 20.6 Results: LCT-13910 C T / T T prevalence s h o w s a clear mral-city gradient droppinni l 
apF^^d?obe m o « > n 86 17 8 36 147 from 84 .3% (farm), to SO.2% (mral /v iUage) and 7 4 . 9 % (city. P < 0 . 0 0 1 ) . A n exact test of 
than smoking " 咖 w.s 37.7 91.8 H W E s h o w e d no departure o f LCT-13910 genotypes in farm ( p = 0 . 5 3 9 ) . however in the 1 
during pregnancy 叫 ^ ^ ^ “ ： ,oi.o loo.i w.9 rural/village ( P < 0 . 0 0 1 ) and city group ( P < 0 . 0 0 1 ) . LCT-13910 status was not assocU | 
a'o"®- . MEF50 (ViHired) n 140 22 II 48 197 ated with grass sensitization measured by t l A S T (0.3S; 0 .72 -1 .08 ; P = 0 . 2 1 3 ) . Although 2 
nii'noTftJr'"' 抓如 93.9 .34.2 101.7 S2.3— 90.9 the s ignif icance o f the farming effect dropped after including LCT-13910 status in a 1 
results into FEVI (v.pred) n 140 22 11 48 197 regression model (probubly due to coll inearity), the e f fect s ize o f being raised on a farm q 
IS S c c T i i n o L r - l�8.2 败 2. 107.9 IOJ.2 m j was not changed and remained stable when analyzed in both LCT-13910 subgroups l 
wise healthy children, 抑 � � ^ g \'o6.3 92.0 959 � Conclusions: European farmer represent by their demesne a unique population that；-! 
especially pointing to MEF25-75 r\ 140 22 II. 4S 197' has conserved certain alleles. Genet ic studies o f the farming populations need to control ；3 
reduced pcnpheral (%pred) mean 95.4 84.7,J 101.6 82.6" 91.8 for Stratification to avoid spurious effects . T h e ability o f lactose digest ion is unlikely to 
•"二二?…• ； r r r i： r r - —7 ： ; — explain the lower allergy rates o f children raised on a farm. J 
I Tins Abstract is • =- p<0,05. ** = p<0.0 . both compured to never smolcen, S =» p<0.0! "V,,• . . , „ „ . c . . _ f ; L � u . . . 
Funded by: None. compured to only smolcmg dJnng p rcgnLy . Th i s Abs t r ac t is F u n d e d by . N o n e . ： | 
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R e l a t i o n s h i p o f S u g a r c a n e B u r n i n g a n d A s t h m a P r e v a l e n c e in R u r a l H a n d u r a n Ear ly L i f e R i s k F a c t o r s for B r o n c h i a l H y p e r r e s p o n s i v e n e s s at A g e 7 in a High 
C h i l d r e n R i s k C o h o r t 1 
IJ.C. S t e v e n s ' , H. E igen ' , E. Rodriguez , D .M. Casey. D . Leventha l , M . Smith. L. M. Chan-Yeurg ' , H. Dimich-Ward' , A . Ferguson' , W. Watson:, A. Becker». f 
B e n d y ' , F.X. D i l l o n ' . •Indiana Univers i ty , Indianapolis, IN. Email: j s t e v e n @ i u p u i . e d u 'University o f British Co lumbia , Vancouver, B C , Canada; 'Univers i ty o f Manitoba, 
To assess the relationship of sugarcane biuning to asthma ia children in mral Honduras we W i n n i p e g , M B , C a n a d a . E m a i l : n i y e u n g @ i n t e r c h a n g e . u b c . c a 蕩 
� s t u d i e d the prevalence of pediatric asthma in three niral agricultural areas: a valley where sugarcane Ra t iona l e : To e x a m i n e r isk f ac to r s a s s o c i a t e d w i t h the d e v e l o p m e n t o f bronchial r l 
mon t t " '^e year (CBV) ( n - I 6 i ) a non-crop burning valley (NCBV)(n=95) and h y p e r r e s p o n s i v e n e s s ( B H R ) a t a g e 7 in a h i g h risk cohor t . . | 
I a � 二 C b 二 二 二 1 MechJds: A c o h o c ^ o f ^ n t s l t h .gh r i s l f for asthma w . recruited before b.rth for J 
I validated. Spanish version of the International Study of r^oi/ a Cwo-centre (Vancouver. Winnipeg) study on the pnmary prevention o f asthma. Inter:.^^ 
I • Asthma and Allergies in Childhood quosttoonaifc was Q * ^ "咖 CBV NCBV NCBM vcn t ion m e a s u r e s w e r e a p p l i e d d u r i n g the first y e a r o f l i fe a n d e x p o s u r e s d e t e r m i n e d荐 
admistcred to children (6-16 yrs) or their parents. Wheezing ever 39.6* 17.0 37.2 d u r i n g years I and 7. At 7 yea r s , the ch i l d r en w e r e a s s e s s e d by ped ia t r i c allergists and -fe 
Assessment of the home cnviroruneiu and pulmonuty Wheeze last underwent methachol ine cha l l enge testing. S t e p w i s e logist ic regression analysis was S 
I function testing (PFT) was performed on a subgroup of 12 mo 72.9* 8.7 19.5 used .�^^ 
c h ' S S 二 二 卯 U P S . 咖 街 ： 近 】 Results: O H S O chiK^cn ^ s e ^ e d at y ^ ； ^ 7 l ^ p d i a g r ^ s ^ s^th asthma. U s i n g | 
Table II shows W spirometW (% predicted) relulu in Hay fever 47.1' 18.1 ISA a cut point o f 3mg/ml o f methachol ine , 188 ( 5 2 . 3 % ) had BHR. Such personal charac^-J, 
the CBV and NCBV children. Vented wood teristics as gender and fami ly history o f asthma were not related to B H R ; however; a ,^ ' 
Bassd on questioiuiairc tUe CBV children had a dra- . 加 6 6 . 4 * 35.5 g rea te r p e r c e n t a g e of rvonwhite ch i l d r en h a d B H R . E n v i r o n m e n t a l risk fac tors associ-.备 
Imatically higher prevaleace of asthma than cither of the Cig. smoker ^ ated with B H R included residence in Winnipeg (adjusted O R 2 .3 , 9 5 % CI 1.4-3.75), 
jion-crop. burning groups. The CBV children also had in home >4.5 and being atopic at year 1 (adjusted O R 2 .46 , 9 5 % CI 1 .33-4 .36); protective factors % 
ower spirometry than the NCBV children. Indoor pol- .p<.oo04 compared to NCBV. NCBM asses sed at y e a r 1 w e r e ca t o w n e r s h i p ( a d j u s t e d O R 0 .44 , 8 5 % CI 0 .25-0 .77) and j, 
= 二 = u 7 t h e r b e . g ' a s . o k e r (adjusted O R 0 . 4 4 9 5 % CI 0 .21 -0 .91 ) . Atopy at 7 years was 
NCBV homes. Outdoor air pollution in an agricultural a lso a risk fac to r and ca t o w n e r s h i p al a g e 7 r e m a i n e d p ro t ec t i ve , bu t ma te rna l smoking ：丢 
areu where sugar cane is burned much of the year is PFT CVB NCBV w a s no l o n g e r a s soc ia t ed wi th B H R . S u c h e n v i r o n m e n t a l f ac to r s as exc lu s ive breast- ^ 
I associated with a very high prevalence of pediatric 39 6+14 0* 96 0+12 6 f e e d i n g for at least 4 m o n t h s , r e sp i r a to ry v i ra l i n f ec t ion at 1 y e a r as wel l as d o g own- ；‘！: 
ajitlima. Further investigation with air quality sampling pgy , 96 ership and house dust mite al lergen level at year I or 7 were not associated with BHR. '.I. 
ami environmental ailergen testing is needed to identify FEF25-75 94；9=25；3' 112:7524:4 C o n c l u s i o n : For this h igh r i sk c o h o r t , e n v i r o n m e n t a l e x p o s u r e s such as p lace of res-
^ 丨 a n d b e i n g a t o p i c i n c r e a s e d the n s k o f d e v e l o p i n g B H R a t a g e 7, wh . l e the p r e s - 1 
these children P e n c e o f a ca t m tlie h o m e w a s cons i s t en t l y f o u n d to b e p ro tec t ive . m 
I This Abstract is Funded by: None. This Abstract is Funded by: Canadian Institutes o f Health Research. 笼 
•怎. ； 
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H.J. Farberi, S .R . Wilson^, L Caine ' . V. Luna】，S. tCnowles^, Y. Qian^. "Kaiser Per- T.F. L e u n g M S B S o H s I J E . Yung' , C.Y. Li ' . G.W.K. Wong ' . 'Department o f Pedi- | 
Im u n e m e , Val lejo. C A ; ' P a l o Al to Medica l Foundatioa, Palo Al to , C A . atrics, The Chinese Universi ty o f Hong Kong . Prince ofWal 'es Hospital , SUatin. H o n g � 
B a c k g r o u n d : S e c o n d hand tobacco smoke ( S H S ) exposure is an important asthma Kong . Email: t f l eung@cuhk.edu.hk .•揭 
trigger丨 Many parents rely on day care resources to care for their children w h i l e they arc B a c k g r o u n d : Endotoxin exposure has been s h o w n to protect against wheez ing d i s - 1 
at work. Prior research lias not examined the contribution o f s m o k e exposure at child orders in early life, but may w o r s e n d isease control in astlunatics in the Caucasian pop-.:马 
c a ^ to biomarkers o f S H S exposure for children with asthma. Urine cot inine (COT) ulation. However , the domest i c endotoxin load and its d i sease associat ion with asthma k 
(reflects the p n o r 4 days o f tobacco exposure. The cotinine/creatinine ratio ( C O T / C R ) are unclear in Asians. This s tudy invest igated indoor endotox in concentration in mat- | 
coiTTCts for d i f ferences in ^ n e concentratioa. M e t h o d s : A s part o f a n m d o i m z c d d i n - tress from Chinese asthmatic children, and its relation to their. asthma severity, i g 
，a l t n a l o f S H S reduction for children 3 - 1 2 yra with asthma, w e e x a m i n e d the contribu- M e t h o d s : Asthmat ics aged 6 to 18 years o ld were e l ig ible , and their spirometry and J 
l o n o f S H S exposure in day care settings. Subjects completed 2 asscMment visits each exhaled nitric ox ide level ( e N O ) were measured in cl inic . H o m e visits were arranged 教 
unne sample from the child and parental questionnaire Mean C O T / C R w a s deter- within 10 days , in which house dust samples were co l l ec ted from patients' mattresses..寻 
IX e i r ^ T r ^ h T 咖 d a: o f these two visits. Resu l t s : 5 1 9 S H S exposed Endotoxin concentration w a s measured cKrotnogenic l imulus a m o e b o c y t c lysate assay ；^ 
te'J = 产te^ the assessments . O f these, 90 (17%) were S H S e x p o s e d at day care (detect ion limit 0.1 endotoxin unit [ E U ] per milli l iter). Resu l t s : Forty e .gh i asthmatic | 
uHnl r n T ; ? r ! ^ or a relative or sitter was the day carc provider). Mean patients were recmited, with m e a n ( S D ) age o f 12.6 (3 .2) years. In average. 55.4 g of ^ 
S r T n R i l r S V m 明 y greater 丨 thcchi ld was smoke e x p o s e d m a day care se i - house dust was col lected from patients. mattress. The mean ( S D ) mattress endotoxin ' " I ？iL【？e 二;f y / ^ ^ k e e x p o s e d by t e matern l caregiver than if n e . t o e x p o - concentration was 63 (59) E U / g or 3 2 5 4 ( 3 7 3 5 ) EU/m:. Endotox n exposure was then >  matemai I J r e S ^ ' exposures fr m both d ichotomized into high and low i r u p s at the median value o f 43 EU/ g . Patient with -j I the dav care nrovirier h g  curren  endotoxin exposure had s ignif ic nt ly lower forced expiratory vo lume in j- '；• C o c l u s i o n s : Day care SHSExpasu,= N p ” n<i ( F E V , ) when com ared w.th tho e wi h l ow exposur (mean {SD) : 94.7 [ lOJ ^ can be an imoortant L u r c — % versus 86 .3 [17 .2 ] %; p = 0 . 0 4 8 ) . N o ssoc iat ion as nd between mattress enUo io f seco d hnnr  tnh-Tr n Neither Day Care nor M ternal Caregiver (A) 256 0.14 t xi  lev ls and e N O ( p = 0 . 9 0 2 ) or Di ase S v e t y Sco e { p = 0 8 0 3 ) . For patients丄 二 o  gj广二 '器 S:结 a g e d 6 to P ye r d, t L e w U h ^ e d o t o x . n e x p i r e l u  L e FE)V丨 w h e n j ^ m - ； with sthma. In assess ing Day Care & Mat mul Carsgivsr (Q 2i 38 < 0 001 pafed witli lo  exposur ( p = . 0 3 4 ) . I  c n rast, this a sociat ion w a s no  aot il •.obacco s ok  «卩o u r e o f t nts older than 12 years f age (  = 0 .499 ) . C o n c l u s i s : Our r sult  sugges  w ,,i l r n , it is i m p o r t a n t to 八山汗饥扮 fro  a, boch are diff r d from C by Du can test. cu r r t i n o r e x p o s u r e t e n d o t x i n i m a t r e s i n f luences lung f u a c i o n in Ch ese :: aslc ab u t s k e i  d y care s t t ings , v e n if the pa e t do not s o k e . h i识 n wi h as l ima. a n d this f f c t m a i n l y o b e i ^ e d in y u n g e pa t ien ts . his Abstract is F nded by: NIH H L 7 0 0 1 2 (PI: S dr  Wilson). Ab t act s Funde  by: RGC C U H K 4 1 2 / 0 6 M . ]I ‘ A 2 7 0 S U N D A Y , M A Y 2 0 | • - - — \ 
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